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THE ANALYSIS OF SODA-LIME GLASS'! 
By G. E. F. LUNDELL aNp H. B. KNowLes 
ABSTRACT 
In a discussion of the analysis of soda-lime glass two types of methods must be 
considered: (1) the accurate or so-called umpire or referee methods for determining the 
true composition of the glass, and (2) the less accurate but more rapid routine methods 
used in factory control. This paper deals primarily with the former. 


I. Umpire Methods 
A. General Considerations 


At first thought it might seem that the accurate analysis of a soda- 
lime glass should present no great difficulties, for methods for the 
determination of its chief constituents (silica, lime, magnesia, and 
sodium oxide, as well as for minor constituents such as the oxides of 
aluminum, iron, sulphur, and arsenic) are well known and have received 
much study. That the last word has not been said, however, is evident 
from the results which were obtained by the analysts who coéperated 
in the analysis of the Bureau of Standards Standard Sample of Soda- 
Lime Glass No. 80. These are summarized in Table I. 

TABLE I 


Summary of the First Results Reported by the Analysts Who Coéperated in the Analysis 
of Bureau of Standards Standard Sample of Glass No. 80 
Number of Analysts 


Constituent Percentage ob- Extreme Average Reporting Reporting Reporting Reporting 
tained at Bur.of variations deviation correct results results 
Stand. and prob- between from Bur. of results* higher than lower than 
able accuracy percentages Stand. per- Bur. of Bur. of 
reported by centage Stand. Stand. 
coéperating analysts percentage percentage 
SiO, 74.09 +0.05 1.93 0.25 13 3 3 9 
“*R,0,” .41 + .01 .14 .04 13 1 6 7 
Al,O; 12 13 4 7 6 
Fe.O; .064+ .002 .07 01 13 6 7 5 
TiO, .025+ .002 .04 014 5 4 4 1 
ZrO, .003+ .001 -087 .034 3 0 2 1 
CaO 4.65 + .02 .60 15 13 1 11 1 
MgO 3.23 + .02 .46 .16 13 1 10 3 
MnO .003+ .001 .002 .003 3 0 1 2 
Na,O 16.63 + .05 4.58 80 13 0 10 3 
K,O 04 + .005 4.07 60 8 4 6 1 
SO; 41 + .01 56 10 S 3 4 4 
AsoO; 031+ .002 215 069 5 1 3 2 
AsoO; 068+ .002 282 081 4 1 4 0 
Cl 047+ .002 1 1 1 
Loss on 
ignition 30 + .02 .35 .072 11 5 3 7 


* Results were considered correct if they agreed with the Bureau of Standards 
analysis within the following limits: +0.1 for SiO, or NagO; +0.05 for “R2Os,”’ Al,Os, 
CaO, MgO, SOs, or loss on ignition; +0.01 for K:O, As,O;, AseO;, or Cl; and +0.005 
for Fe,O;, TiO., ZrO., or MnO. 

In the main, the results are sufficiently accurate for ail general purposes 


and are not surprising in view of the fact that in most cases the analysis 


1 Published by Permission of the Director of the National Bureau of Standards of the 
U.S. Department of Commerce. Received July 1, 1927. 
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was a special job that had to be carried out under unfavorable labora- 
tory conditions. It is apparent that there is a general tendency toward 
high results, especially for the alkaline earths and the alkalis. The 
results which were reported emphasize the fact that analysts are either 
careless in reporting the results they have obtained or else unduly 
optimistic concerning their ability. In either case they convey an entire- 
ly Wrong impression as to the reliance which can be placed on the results. 

Judging by the analytical work done at the Bureau of Standards 
and by the analysts who coédperated in the analysis of the standard 
sample of soda-lime glass, an accuracy better than +0.1% for SiO, 
and Na,O, +0.05% for ‘‘R,O3,"’ AlO;, CaO, MgO, K:O, SOs, and loss 
on ignition, and +0.005 for Fe,.O; can hardly be expected unless extra- 
ordinary precautions are taken. It is therefore recommended that 
percentages for SiO, and Na,O be always rounded off to tenths, for 
AlO;, CaO, MgO, SOs, and loss on ignition to hundredths, 
and for the remaining constituents to thousandths. 

In work of the highest accuracy the summation will usually be 

slightly under 100 because some of the minor constituents such as 
P.O; and dissolved or included gases are not determined. 
The drying of sample No. 80 presented no serious 
difficulties. For example, two 3-g samples dried 
for 1 hour at 105-—110°C in an oven with no special ventilation showed 
losses of 0.09 and 0.09%. When reheated for 1 hour at the same 
temperature the first sample gained and the second lost in weight, the 
total losses then representing 0.07 and 0.10%. Reheating for 1 hour at 
110°C caused no further change in the first sample but a slight gain in 
the second, the total losses finally being 0.07 and 0.08%. The extreme 
variation in losses was therefore 0.03% or less than 1 part in 3000, 
which is without effect in the analysis. 

In the methods that follow, it is assumed that the sample, crushed 

to pass a 100-mesh sieve, has been dried for 1 hour at 105-110°C, 
cooled over concentrated sulphuric acid or phosphorus pentoxide, and 
weighed without exposure to the air, or else that the analyses obtained 
on an air-dried sample are corrected as indicated by a determination of 
moisture on samples taken at the same time. 
The determination of loss on ignition of a soda-lime 
glass would seem a simple matter. That it is 
attended with some difficulties can be seen from the data given in 
Table II. These were obtained by drying sample No. 80 for 1 hour at 
t05-110°C and then heating portions weighing approximately one 
gram in platinum crucibles for half-hour periods in an electrically 
heated muffle under pyrometric control. Series B (3 portions) was 
carried out two months after Series A (2 portions). 


Drying the Sample 


Loss on Ignition 


aa 
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As compared with the losses shown in Table II, a dried 1-g sample 
lost 0.17% when heated for 1 hour over a Tirrill burner and 0.12% 
more when heated for 15 minutes over a Méker burner, or a total loss 
of 0.29%. Subsequent heating for 30 minutes over the Méker burner 
caused no further loss. 


TABLE II 
BEHAVIOR OF SopA-LIME GLASs ON HEATING 
Series A Series B 
Temperature Change in Weight Temperature Change in Weight 
= (grams) (grams) 
410 —0.0025 
—0.0028 

410 none 393 —0.0015 
—0.0013 
—0.0015 
510 none 519 —0.0001 
—0.0001 
—0.0001 
600 —0.0004 600 —0.0006 
—0.0005 —0.0005 
— 0.0007 
700 —0.0006 690 —0.0001 

— 0.0006 none 

none 
800 +0.0002 800 —0.0003 
+0.0007 —0.0003 
—0.0003 
900 +0.0001 910 —0.0001 
none —0.0001 
—0.0001 

1000 none 1010 none 
—0.0001 —0.0001 
—0.0001 
Average total loss 0.33% Average total loss 0.26% 


In all accurate analyses of glass, corrections 
must be determined and applied for impurities 
introduced with the reagents or derived during 
the course of the analysis. Moreover, in work 
of the highest accuracy, a known amount of alumina corresponding 
to the percentage of ‘‘R,O;’’ in the glass should be treated with the 
reagents and carried through the operations of the analysis in order to 
obtain the true corrections for ‘‘R,O,;”’ and silica. Corrections may 
otherwise be misleading, for the ‘‘R:O;’’ content of the reagents is 
rarely sufficient to carry down the same amount of impurities, such as 
silica or P,O;, carried down by the ‘‘R:O;” in the glass. In all cases the 
purity of the reagents should be such that the corrections are so small 
as not to endanger the determination. It was found necessary to 
prepare only two reagents, namely, the calcium carbonate used in the 


Corrections for 
Impurities Introduced 
during the Analysis 
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determination of alkalis and the hydrofluoric acid used in the deter- 
mination of chlorine and of quinquivalent arsenic. 

We know of no better way to determine silica than by the 
usual fusion with sodium carbonate followed by solution of the 
melt in hydrochloric acid, double evaporation, and final recovery of 
silica in the ammonia precipitate. A 1-g sample is more than enough 
for the determination; if silica alone is to be determined a half-gram 
sample is preferable. 

Excessive incrustation of the silica usually results if melts are 
dissolved in water, instead of hydrochloric acid, in quartz or porcelain 
dishes. In any case such dishes suffer attack during evaporation and 
the silica so introduced may amount to more than that which can not 
be separated from the dish by scrubbing. For example, in very careful 
runs on sample No. 80 (74.09% SiO.) 74.1% was obtained after evapora- 
tions in a quartz dish and 74.24% in a porcelain dish, in spite of the 
fact that not all of the incrusted silica could be removed from the 


Silica 


dishes. 

A single evaporation never gives all of the silica in soda-lime glass 
regardless of whether the evaporation is made with hydrochloric, 
sulphuric, or perchloric acids. For example with sample No. 80 (74.09% 
SiO.) a single evaporation to dryness on the steam bath supplemented 
by drying for 1 hour at 110°C gave 73.37 and 73.40%. A single evapora- 
tion with sulphuric acid gave 72.35% and with perchloric acid 73.31%. 
The small precipitate obtained with ammonia in the analysis of glass 
is capable of gathering very little silica, and so the recovery of the 
latter is incomplete if much was originally left in the solution. For 
example, in four successive analyses by the recommended procedures 
the recovered silica represented 0.03, 0.05, 0.05, and 0.03%, while 
after single evaporations the recoveries jumped to 0.17 and 0.08% and 
even then did not represent all of the silica which escaped dehydration. 

Results for silica are usually low because of such factors as careless 
dehydration, incomplete removal of silica from the dish, incomplete 
recovery or nonrecovery of silica which escapes the two dehydrations, 
and retention of alkali salts. Careless dehydration covers both under- 
and overdrying, that is, either stopping short of a bone-dry mass or 
overheating. Drying for a longer period than 1 hour at 110°C or ata 
higher temperature causes low results for silica through formation of 
magnesium silicate which is then partially dissolved in hydrochloric 
acid; that which dissolves causes a loss of silica while that which 
remains insoluble causes loss of magnesia unless the nonvolatile 
residue is afterwards dissolved and added to the solution before pre- 
cipitation with ammonium hydroxide. If alkali salts are not removed 
they suffer more or less decomposition with the formation of alkali 
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silicates during the final ignition of the silica. These are then broken 
up during the treatment with sulphuric and hydrofluoric acids and 
weighed as sulphates, thus causing low results for silica. 

A less common error, but one which leads to high results is caused 
by the final ignition of silica at a temperature so low that it still retains 
water. A temperature of 1200°C (that obtained with a good blast 
lamp) is needed. 

“RO,” The nonvolatile residue obtained in the determination of 

silica must be dissolved and added to the filtrate from the 
silica, for it sometimes contains substances other than the ‘‘R,O,”’ 
oxides. Serious error in the determination of alumina may result if it 
is weighed with the ammonia precipitate. 

For a correct determination of ‘‘R.O;”’ in soda-lime glass, it is 
essential that the hydrogen-sulphide group be first removed and that 
a double precipitation with ammonia be carried out. If the former is 
not done, any quinquivalent arsenic originally present in the glass and 
escaping the evaporations for silica is carried down, while small amounts 
of platinum derived from crucibles and dishes are also held. Double 
precipitation with ammonia is essential to insure freedom from salts 
of the alkalis and alkaline earths. Neglect of the above precautions 
may lead to results from 0.1 to 0.3% too high. Most of this error finally 
falls on alumina. 

In the precipitation by ammonia, a very slight excess is permissible 
and this is best judged by the use of an indicator such as methyl red. 
When this indicator is used, oxidizing agents such as nitric acid or 
bromine, which destroy it, must be absent and‘if the yellow color 
changes to orange during the short boiling period, more ammonia must 
be added. The precipitate must be washed with an electrolyte, prefer- 
ably ammonium chloride, to prevent loss through the formation of a 
colloidal solution. When the precipitate is dissolved preliminary to 
reprecipitations, care must be taken to avoid loss of undissolved hydrox- 
ide held in the pores of the filter. The final precipitate must be heated 
at approximately 1200°C to insure removal of all water, and the 
hygroscopic oxide must then be carefully protected to prevent reabsorp- 
tion of water. To this end the crucible must be cooled in a desiccator 
containing fresh sulphuric acid, “‘dehydrite,’’ or phosphorus pentoxide, 
and weighed quickly while covered with a well-fitting cover. 

In view of the small amount of the ‘“‘R.O;” group in glass, we prefer 
to attack a 5-g sample as described under Total Iron, etc., in section 
C' and then to proceed as described in section B,? after the precipitation 
of the hydrogen-sulphide group. 


1 See p. 845. 
2 See p. 840. 
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So little iron is generally present in glass that its 
determination is difficult in the 1-g sample taken for 
the regular analysis. In accurate analyses determina- 
tions should be made on 5- to 10-g samples. Of the volumetric methods, 
those based on electrometric titration are simple, accurate, and are 
preferred when many analyses are to be made. In any reduction- 
oxidation method the effect of the reducing agent on constituents other 
than iron must be borne in mind. Thus, titanium as well as iron is 
reduced by zinc and sulphuric acid and failure to correct for its effect 
would give an apparent percentage of 0.084 Fe.O; in sample No. 80 
as against the true value 0.064. Platinum picked up during the course 
of the analysis interferes with reductions made with stannous chloride 
or sulphurous acid. For occasional analyses reduction by hydrogen 
sulphide and titration with permanganate should give results that are 
acceptable although slightly high. The gravimetric determination 
outlined under suggested methods is entirely satisfactory for purposes 
of primary standardization. 

Titanium can be satisfactorily determined by colori- 
metric comparison in a solution of the mixed oxides 
obtained in the usual analysis of a 1-g sample. Zir- 
conium, however, occurs in such small amounts that at least a 5-g 
sample must be used. Determinations of titanium and zirconium con- 
veniently follow those of iron, and so the three are grouped in the 
suggested methods. There is no reason why titanium or zirconium can 
not be determined directly without the separation of iron after attack 
with hydrofluoric and either sulphuric or perchloric acids. The chief 
precaution necessary in such procedures is to drive off all hydrofluoric 
acid which would otherwise bleach the solution of peroxidized titanium. 
Practically all analysts report too high results for lime. For 
correct results double precipitations are absolutely necessary. 
So far as the separation of magnesium and alkalis is concerned there is 
no advantage in igniting the first oxalate precipitate before reprecipi- 
tation. Ignition is necessary only when the precipitate contains com- 
pounds that are precipitable by ammonia, which is not the case if 
prior separations have been properly performed. In the analysis of 
soda-lime glass, there is no advantage in precipitating calcium oxalate 
by the slow addition of ammonia to a solution containing the calcium 
and free hydrochloric and oxalic acids. 

The washing of the oxalate is preferably carried out with a dilute 
solution of ammonium oxalate and should never be overdone because 
of the solubility of calcium oxalate. When titration is to follow, no 
more water should finally be used than is required to remove the 
oxalate wash water. If the work is carefully done, titration gives the 
same result as weighing the oxide. 


Total Iron as 
Ferric Oxide 


Titanium and 
Zirconium 


Lime 
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A temperature of 1000°C suffices for the ignition of the oxide. Like 

alumina, the ignited oxide is markedly hygroscopic and should be 
quickly weighed in a well-covered crucible after cooling in a desiccator 
containing a powerful desiccant such as fresh sulphuric acid or phos- 
phorus pentoxide, never calcium chloride. The weighed residue will 
contain all of any strontium in the glass and a small part of the man- 
ganese but no barium. 
As for lime, the general tendency of analysts is to report 
high results for magnesia. Single precipitations normally 
give high results; so will double precipitations if a large excess of the 
phosphate reagent is used the second time. Diammonium phosphate, 
(NH,)2HPO,, is by far the most desirable precipitant. If microcosmic 
salt or disodium phosphate is used, it is especially important to add but 
a few tenths of a gram for the second precipitation. It is desirable to 
allow the solution to stand for at least 12 hours after the first precipita- 
tion; the second does not require over 4 hours. 

The first precipitate never has the true stoichiometric composition, 
no matter how the precipitation is carried out. The chief source of 
error probably lies in the formation of some MgNaPO, - 6H:O which 
upon ignition loses only water and therefore causes high results for 
MgO. For example in careful single precipitations of a solution con- 
taining 0.0741 g of MgO as MgCl, and 6 g of NaCl in a 400-cc volume, 
0.0766 g was obtained when made in the cold and 0.0787 g when made 
in hot solution followed by digestion in the cold. With sample No. 80 
(3.23% MgO) single precipitations gave 3.29% and 3.32%. That the 
lower results obtained in a second precipitation are not caused by 
solubility losses is shown by the fact that triple precipitations cause no 
further change and no significant amounts of magnesium can be found 
in the combined and concentrated filtrates from second and third 
precipitations. For the washing of the phosphate a diluted ammonium 
hydroxide containing 5% (by volume) of ammonium hydroxide, 
specific gravity 0.90, is satisfactory. The use of a stronger solution is as 
unnecessary as it is inconvenient. 

The ignition of the precipitate must not be hurried and must be 
carried out at 500 to 700°C until the carbon has been burned out. 
For the final ignition a temperature of 1000 to 1100°C is sufficient. 
The weighed residue contains any lime (as Ca;(PQ,)2) which escaped 
precipitation as oxalate, practically all of any barium which escaped 
precipitation as sulphate with the ammonia precipitate, and practically 
all of the manganese originally present. 

The calcium (also barium) oxide in the residue can be recovered by 
dissoiving the ignited pyrophosphate in a little dilute sulphuric acid 
(1:4) and then adding sufficient ethyl alcohol to make about 90 to 
95% of the final volume. The small precipitate which appears after 


Magnesia 
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several hours is filtered off, washed with alcohol until free from phos- 
phoric acid, dried, dissolved in warm dilute hydrochloric acid, the solu- 
tion filtered if insoluble barium sulphate is present, and the calcium 
precipitated with ammonia and ammonium oxalate in the usual manner. 
The calcium oxide thus obtained is added to that previously found 
and is deducted as tricalcium phosphate from the weight of the ignited 
magnesium pyrophosphate. The calcium oxide recovery usually 
amounts to about 0.1 mg for each 100 cc of solution used in the 
precipitation and washing of the calcium oxalate. 
The amount of manganese oxide in soda-lime glass 
is usually so small that it can not be determined 
satisfactorily in a 1-g sample. [n the usual analysis almost all of the 
manganese accompanies magnesia and is finally weighed as Mn2P-2Q;. 
For its determination colorimetric comparison is best after solution of 
5 to 10 g of the glass in hydrofluoric-sulphuric acids, evaporation to 
fumes of the latter, and then direct oxidation with bismuthate in a 
solution containing 20 to 25% by volume of nitric acid and about 
5 cc of sulphuric acid per 100 cc. If desired, perchloric acid can be 
substituted for sulphuric acid in the attack, the solution evaporated 
to dryness, and the residue then taken up in diluted nitric acid. 
The chief difficulties in. the determination of the 
alkalis by the J. L. Smith method appear to lie in 
removing all of the lime, magnesia, and the 
excess of barium introduced to remove sulphates. The first can be 
removed by careful treatment with ammonium carbonate at the start 
and proper digestion with a moderate excess of ammonium oxalate 
in a solution free from ammonium salts before filtration and evaporation 
of the mixed chlorides at the end of the analysis. For complete removal 
of magnesia it is essential that a saturated solution of calcium hydroxide 
be maintained at all times during the extraction of the sintered mass. 
The insoluble matter should never be washed with hot water. The 
removal of barium must be accomplished by precipitation with am- 
monium carbonate, for very little barium, if any, is precipitated by 
ammonium oxalate. Double fusion, which is sometimes recommended, 
was not found necessary with sample No. 80. Correction for alkalis 
in the reagents is especially important and should average less than 
1 mg and never exceed 3 mg of mixed chlorides if proper reagents are 
used. As a general rule ammonium chloride of sufficient purity can be 
purchased. Calcium carbonate, however, usually contains so much 
sodium that it is best to prepare a large batch in the laboratory. 
If a special lot of ammonium chloride is also set aside for this deter- 
mination, blank corrections need be determined but once. 

Great care must be exercised in heating the mixed chlorides lest 
losses through decrepitation or volatilization occur. At no time should 


Manganese Oxide 


Sodium and 
Potassium Oxides 
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the dish be heated to more than a faint dull red (approximately 600°C) 
and never for more than a moment in any one spot. 

The final mixed chlorides will contain all of the lithium, cesium, and 
rubidium which may be present in the glass. The first is finally ob- 
tained with the sodium and the others with the potassium. 

The correct determination of potassium oxide in soda-lime glass is 
quite difficult and is more a matter of academic than practical interest. 
For the small amounts involved, determinations by the chlorplatinate 
method are less liable to error than those by the perchlorate method. 
Sulphur trioxide can of course be determined by 
fusion of the glass with sodium carbonate, solution 
of the melt in hydrochloric acid, evaporations to separate silica, and 
precipitation with barium chloride in the usual manner. The chief 
drawbacks to such a method are that not more than 1 g of glass can 
be conveniently handled, sulphur may be introduced from the flame 
during fusion, and the method requires much time. In the suggested 
method the glass is decomposed and silica expelled by attack with a 
mixture of hydrofluoric and perchloric acids and the sulphate then 
precipitated after evaporation to dryness and solution of the residue in 
hydrochloric acid. Such a method fails when applied to a single easily 
soluble salt, as for example sodium sulphate, but succeeds in the 
presence of a relatively large excess of an element, such as calcium, 
which forms a difficultly soluble salt. For example with 0.0345 g of 
SO; as sodium sulphate only 0.0312 g of SO; was obtained, while with 
sample No. 80, 0.413 and 0.416% of SO; were obtained when 5-g 
portions of the glass were attacked with hydrofluoric and perchloric 
acids, 0.422 and 0.419% when attack was by hydrofluoric, nitric, and 
perchloric acids, and 0.404, 0.402, and 0.404% when the glass was 
decomposed by hydrofluoric and nitric acids and the residual fluorine 
removed by evaporation with nitric acid and silica. The latter treat- 
ment should of course cause no volatilization of sulphuric acid and 
should give correct results. 

It seemed quite likely that arsenic could be determined in glass 
by methods similar to those employed in the analysis of irons 
and steels, that is, by getting the arsenic into sulphuric acid solution, 
adding hydrochloric acid and a reducing agent, distilling as arsenious 
chloride, and titrating iodometrically. Further, it seemed that an 
attack with hydrofluoric and sulphuric acids should leave only the 
arsenic originally present in the quinquivalent state,’ while an attack 
by nitric, hydrofluoric, and sulphuric acids should leave all of the 
arsenic. Such attacks proved entirely satisfactory. The chief pre- 
cautions lie in using a hydrofluoric acid which is free from organic or 


Sulphur Trioxide 


Arsenic 


1 E. T. Allen and E. G. Zies, Jour. Amer. Ceram. Soc., 1, 739 (1918). 
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other reducing matter when quinquivalent arsenic is to be determined, 
and in expelling all hydrofluoric and nitric acids when the solution 
is heated to fumes of sulphuric acid. In the suggested procedures, 
direct determinations are made of total and of quinquivalent arsenic, 
while trivalent arsenic is obtained by difference. Four successive 
determinations of quinquivalent arsenic gave 0.069, 0.068, 0.068, and 
0.070% As.O;, while four other analyses gave 0.066, 0.064, 0.068, and 
0.068% total arsenic. 

Considerable difficulty was encountered by us in an attempt 
to determine chlorine by the fusion of a 1-g sample with 
carbonate, extraction with water, and precipitation of silver chloride 
in the carefully acidified water extract. The chief difficulty lay in filter- 
ing the water extract and might possibly have been avoided by careful 
neutralization with nitric acid and evaporation before filtration. At 
any rate, it seemed advisable to use a larger sample than could be 
comfortably handled in a fusion, and so experiments were carried out 
in which the glass was attacked by a mixture of hydrofluoric and 
perchloric acids in the presence of silver sulphate. Preliminary experi- 
ments showed that silver chloride could be heated without loss of 
hydrochloric acid in a fuming solution of perchloric acid containing an 
excess of silver sulphate. For example, a solution containing 0.90 mg 
of Cl as hydrochloric acid gave 0.89 mg and 0.91 mg Cl when treated 
with 0.1 g of silver sulphate and 5 cc of perchloric acid (60%) and then 
heated to fumes of the latter. In the method described below the chief 
concern is the hydrochloric acid content of c.p. hydrofluoric acid. We 
employed an acid redistilled from an excess of silver sulphate. If the 
ordinary acid is used, one with a low chloride content should preferably 
be taken or else the acid should be so carefully weighed or measured out 
that the correction can be applied with certainty. At all stages the 
silver chloride should of course be protected from direct sunlight. Only 
two determinations of chlorine in sample No. 80 were made by the 
suggested method; these gave exactly the same result, 0.047%. 


Chlorine 


B. Usual Procedures 


Mix 1 g of the dried sample with 5 to 6 g of sodium carbonate 
in a 25-cc platinum crucible; cover and fuse. Start the fusion 
over a low flame, gradually increase the heat until the carbonate has 
melted and the fusion is quiet, and then heat-at approximately 1000°C 
until a clear melt is obtained. Dissolve the melt! in hot water in a 


Silica 


1 If the melt is swirled gently just as it is cooling and then cooled thoroughly, it can 
usually be detached by sharply tapping the inverted crucible on the bottom of the 
dish. Another simple way of loosening the melt consists in letting it cool slowly, then 
heating the crucible quickly to 300 to 400°C and immediately plunging it for two-thirds 
of its depth into cold water. 
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platinum dish or, if a platinum dish is not available, in a slight excess 
of hydrochloric acid (first used to clean the crucible) in a covered porce- 
lain evaporating dish. Heat until the melt is thoroughly disintegrated 
and then in the former case cover and add 25 cc of (1:1) hydrochloric 
acid which has been used to clean the crucible in which the fusion was 
conducted. When effervescence ceases, remove.and wash the cover 
glass, evaporate to thorough dryness on the steam bath, cool, and 
drench with 10 cc of hydrochloric acid (specific gravity, 1.19). Dilute 
with 100 cc of hot water and digest for 5 to 10 minutes. Filter through 
a No. 40 Whatman or equivalent paper and wash with warm dilute 
hydrochloric acid (1:99) completing the washing with a little hot water. 
This washing must be thorough in order to remove alkali salts. Reserve 
the paper and residue. 

Evaporate the filtrate and washings to dryness and heat for one 
hour at 110°C. Cool, drench with 5 cc of hydrochloric acid (specific 
gravity, 1.19), dilute with 50 cc of hot water, and filter through a 
small No. 42 Whatman or equivalent paper. Wash with cold dilute 
hydrochloric acid (1:99) and finally with hot water. Reserve the 
filtrate and washings, A. 

Place the combined papers containing the silica in a platinum crucible 
and moisten with a few drops of dilute sulphuric acid (1:4) for the 
purpose of converting alkali or alkaline-earth chlorides to sulphates 
and so of lessening the error caused by their unwanted presence. 
Carefully heat so that the silica is slowly dried and the paper charred 
without inflaming. Finally increase the heat until the carbon has been 
burned and then cover the crucible and heat over a good blast (1200°C) 
or its equivalent for 30 to 45 minutes. Cool in a desiccator and weigh 
while still covered. Repeat the ignition until constant weight is ob- 
tained. Tightly fitting crucible lids must be used to avoid mechanical 
loss of silica by drafts; if a blast lamp is employed the crucible should 
be sunk two-thirds of its depth in a hole in an asbestos shield. Carefully 
treat the ignited SiO, with a few cc of water, a few drops of dilute 
sulphuric acid (1:4), and 15 cc of hydrofluoric acid. Evaporate to expel 
hydrofluoric and sulphuric acids and finally heat the covered crucible 
at approximately 1000°C for 3 minutes. Cool and weigh. The loss in 
weight represents silica. To the silica so found must be added that 
recovered from the 

Add 0.5 to 1 g of sodium carbonate to the residue in the crucible; 


1 If the work has been carefully done, the nonvolatile residue should weigh no more 
than 1 to 2 mg. There is no need of heating at a temperature higher than 1000°C before 
the final weighing. At this temperature iron and aluminum sulphates are easily decom- 
posed. Prolonged heating or heating at higher temperatures causes excessive volatiliza- 
tion losses of alkalis when these are present. 
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fuse, cool, dissolve the melt in dilute hydrochloric acid, and add the 
solution to the filtrate from the silica. 

Add ammonium hydroxide to the filtrate, A, from 
the silica until the acidity has been reduced to 
approximately 2 cc of hydrochloric acid per 100 cc 
and thoroughly saturate with hydrogen sulphide. 
Allow to digest for at least one hour, filter through a small No. 42 
Whatman or equivalent paper, and wash with dilute hydrochloric acid 
solution (1:99) saturated with hydrogen sulphide. Boil the filtrate to 
expel the hydrogen sulphide, add bromine water until in visible excess, 
and boil to expel all bromine and to reduce the volume if need be to 
approximately 200 cc. Add a few drops of methyl-red indicator and 
then to the boiling solution add ammonium hydroxide (free from 
carbonate) until the color just changes to yellow. Boil for 2 minutes, 
filter immediately through a No. 40 Whatman or equivalent paper, 
wash with a hot 2-% solution of ammonium chloride, and reserve the 
filtrate. Dissolve the precipitate in hot dilute hydrochloric acid (1:1), 
thoroughly wash the paper with hot water, and reserve the paper. 
Again precipitate with ammonia as before, filter, and wash with a hot 
2-% solution of ammonium chloride. Combine and reserve the ammonia- 
cal filtrates, B. Transfer the reserved paper and the paper containing 
the precipitate to a platinum crucible weighed with cover; dry and 
ignite under good oxidizing conditions. Finally cover and heat for ten 
minutes at approximately 1200°C. 

Cool in a desiccator over concentrated sulphuric acid or phosphorus 
pentoxide and weigh. Repeat the ignition until constant weight is 
obtained. Treat the weighed residue with 1 cc of hydrofluoric acid and 
a few drops of dilute sulphuric acid (1:4), cautiously evaporate to 
dryness, ignite, cool, and again weigh. This treatment is satisfactory 
for the small ‘“‘R,O;”’ precipitate here involved; with large precipitates 
sublimation sometimes takes place. The difference in weight between 
the empty crucible and cover and the hydrofluoric-acid-corrected 
precipitate represents the mixed oxides. which came down in the 
ammonia precipitate. The loss in weight caused by the hydrofluoric 
acid treatment represents recovered silica and this is added to the 
silica already obtained by the double evaporation. 

Fuse the mixed oxides with 1 g of sodium carbonate, 
dissolve the melt in a slight excess of dilute hydro- 
chloric acid, and add 6 cc of dilute sulphuric acid (1:1). 
Evaporate to fumes of sulphuric acid, cool, transfer to a 250-cc flask, 
and dilute to approximately 100 cc. Pass a steady stream of hydrogen 
sulphide for 15 to 30 minutes into the cool solution and then for 15 
minutes longer as the solution is slowly heated to boiling. Withdraw a 


Total Iron 
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drop of solution, place on a cover glass and test for ferric iron with 
potassium thiocyanate. If reduction is not complete continue the 
passage of hydrogen sulphide until it is. Add 15 cc of dilute sulphuric 
acid (1:1) and boil down to a volume of approximately 50 cc with a 
stream of carbon dioxide bubbling through. All hydrogen sulphide 
should be expelled by this operation as shown’ by test with paper 
saturated with a solution of lead acetate and held in the escaping steam. 
Cool while continuing the current of carbon dioxide, remove and wash 
the tube, and dilute the solution to 200 cc with cold water. Immediately 
titrate with a 0.02 N solution of potassium permanganate. 

In this determination it is essential that blank determinations be 
carried through all steps. Results are usually a little high because some 
permanganate is consumed by polythionic acids formed during the 
reduction and not expelled or destroyed during the subsequent boiling. 
The accurate determination of iron is best done gravimetrically or 
electrometrically in a separate and larger sample after attack by hydro- 
fluoric and either sulphuric or perchloric acid. 

Evaporate the titrated solution to a volume of approximately 
50 cc, add 5 cc of a 3-% solution of hydrogen peroxide, and 
determine titania colorimetrically by comparison with a standard 
solution of titanium sulphate. 

Subtract the weight of ferric and titanium oxides from the 
weight of the mixed oxides and calculate the per cent of 
alumina from the remainder. The per cent of alumina so found is of 
course in error if the glass contains constituents such as zirconia or 
phosphates. 

Heat the combined ammoniacal filtrates', B, the volume of 
which should be approximately 300 cc, to boiling, add a drop 
or two of ammonia, and then slowly add from a pipette 10 cc of a hot 
saturated solution of ammonium oxalate. Allow the solution to cool 
and let stand for at least 2 hours or preferably overnight. Filter through 
No. 42 Whatman or equivalent paper and wash the container, paper, 
and precipitate moderately with a cold 1-% solution of ammonium 
oxalate. Reserve the filtrate for the determination of magnesia. By 
the use of a jet of water carefully sluice the precipitate into a beaker, 
place the beaker under the funnel, and dissolve what oxalate remains 
in the pores of the paper by thorough washing with hot dilute hydro- 
chloric acid (1:4) followed by hot water. Dilute to 150 cc, heat to 
boiling, add a few drops of methyl red and slowly add dilute ammonium 
hydroxide (1:1) until the indicator turns yellow. Add 5 cc of a hot 


Titania 


Alumina 


Lime 


1 If the combined ammoniacal filtrates show any indication of separated carbonates, 
acidify, boil to expel carbon dioxide, and again render slightly ammoniacal. It is well to 
acidify the solution in any case if the precipitation of calcium is to be delayed. 


842 LUNDELL AND KNOWLES 


saturated solution of ammonium oxalate and let stand for at least 2 
hours. Filter and wash as before. Combine the filtrate with that 
already reserved for magnesia, C. Dry the precipitate and paper in a 
platinum crucible weighed with cover. Char the paper without in- 
flaming, burn the carbon at as low a temperature as possible, and finally 
heat with the crucible tightly covered at a temperature of 1000 to 
1100°C. Cool over concentrated sulphuric acid or phosphorus pentoxide 
in a desiccator and weigh as CaO. Repeat the ignition to constant 
weight. 

Render the combined filtrates, C, from the lime determina- 
tion acid with hydrochloric acid and add 5 g of diammonium 
hydrogen phosphate, (NH4)2HPO,. Next add ammonia slowly, stirring 
constantly, until the solution is faintly alkaline. Finally add 10 cc of 
ammonia for each 100 cc of solution. Let the solution stand overnight. 
Filter through a Ne. 42 Whatman or equivalent paper and wash 
container, precipitate, and paper a few times with cold dilute ammonia 
(5:95). It is not necessary to wash much at this point or to transfer the 
precipitate to the paper. Dissolve the precipitate in warm dilute 
hydrochloric acid (1:4), thoroughly wash the paper, and add 0.2 to 
0.3 g of diammonium hydrogen phosphate to the solution. Again 
precipitate the magnesium, this time in a volume of approximately 
100 cc. Let the precipitate stand for at least 4 hours. Longer standing 
will do no harm. Filter and wash with cold dilute ammonia (5:95). 
Ignite in a tared platinum crucible to constant weight. This ignition 
must not be hurried. The carbon must be burned under good oxidizing 
conditions at as low a temperature as possible and the final ignition 
temperature held at approximately 1100°C. 

Sodium Oxide Thoroughly grind 0.5 g of the dried sample in a large 
agate mortar with an equal quantity of pure am- 
monium chloride. To the ground mixture add 3 g of a 4-g portion of 
calcium carbonate and thoroughly mix. Place about 0.25 g of the 
reserved calcium carbonate in the bottom of a J. Lawrence Smith 
crucible,' carefully introduce the ground and mixed sample without 
loss, and dry wash the mortar and pestle with the rest of the calcium 
carbonate. Cap the crucible, place in a clay chimney, and heat gently 
by means of a fish-tail burner for 15 to 20 minutes until the odor of 
ammonia has disappeared. Gradually increase the heat and finally 
apply the full heat of two Tirrill burners for 30 to 60 minutes. Cool and 
remove the sintered mass from the crucible to a porcelain evaporating 
dish, slake, and treat with 100 cc of boiling water. Gently crush with 


Magnesia 


‘ A crucible of the J. L. Smith type is preferable and may be of nickel instead of 
platinum. In either case the cover should fit snugly and the crucible should be inserted 
at an angle of 45° and for two-thirds of its length in a clay chimney. 
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a pestle if necessary. Filter by decantation through a No. 40 Whatman 
or equivalent paper when the solution is saturated with calcium 
hydroxide. Add 100 cc of hot water, stir with the pestle, and filter 
when a saturated solution of lime is obtained. Repeat this treatment 
three times. Evaporate the solution to a volume of 100 cc, filter, and 
wash thoroughly with a saturated solution of calcium hydroxide. This 
step is designed to insure the removal of magnesium, which may remain 
in solution in small amount after extraction as specified. Appreciable 
amounts of magnesium may go into solution if the residue or the paper 
is washed with hot water alone. Treat the filtrate with a few drops of 
ammonia, heat to boiling, and precipitate the calcium by the cautious 
addition of small quantities of ammonium carbonate. Allow the 
precipitate to settle, filter through a No. 42 Whatman or equivalent 
paper, and wash with hot water. Redissolve the precipitated calcium 
carbonate in a little dilute hydrochloric acid (1:4), dilute to 200 cc, 
and again precipitate the lime with ammonium carbonate as before. 
Filter, wash the precipitate, and unite the filtrate with the one obtained 
after the first precipitation of the calcium carbonate. Evaporate the 
combined filtrates to dryness and carefully expel the ammonium salts 
by gentle heating at a temperature well below 500°C. Take up in 75 cc 
of water, add a drop of hydrochloric acid, heat to boiling, and then 
precipitate any sulphur trioxide with a few drops of a 10-% solution of 
barium chloride. 

Allow to cool and settle. Filter on a small, tight paper and wash 
moderately with hot water. Again precipitate with ammonia and 
ammonium carbonate to remove the excess of barium. Filter and 
wash moderately with hot water. Evaporate the solution to dryness, 
expel the ammonium salts as before, take up in 50 cc of water, heat to 
boiling, and add a little ammonia and sufficient ammonium oxalate 
(crystals) to precipitate the remaining lime. Allow to cool and settle 
for at least 30 minutes.' Filter through a small No. 44 Whatman or 
equivalent paper and wash moderately with a cold 1-% solution of 
ammonium oxalate. Evaporate to dryness in an untared platinum 
dish and cautiously heat to destroy the excess ammonium oxalate. 
Cool, moisten with water, and add a drop or two of hydrochloric 
acid to decompose carbonates. Again evaporate to dryness, cover 
with a watch glass, heat in an oven at 110°C for 30 minutes, and then 
cautiously (and while covered) continue to heat over a slowly moved 
free flame until the salts just melt. Cool in a desiccator and weigh. 


1 It is very important that enough ammonium oxalate be added to precipitate all of 
the calcium, that a large excess be avoided, that sufficient time be allowed for complete 
precipitation, and that the washing be done moderately with a 1-% solution of ammonium 
oxalate, so as to avoid excessive resolution of the calcium oxalate. 
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Repeat the heating until constant weight is attained. Extract with 
25 cc of hot water, filter through a small No. 42 Whatman paper, and 
wash thoroughly with hot water. Reserve the filtrate, D, for the 
determination of potassium oxide. Ignite the filter paper in the plati- 
num dish, cool, and weigh. The difference in weight represents sodium 
and potassium chlorides. 

The potassium chloride as subsequently determined is deducted 

from this weight and the remainder calculated to sodium oxide. 
Treat the solution, D, of the mixed chlorides in a 
porcelain casserole with sufficient 10-% solution 
of a chloroplatinic acid to combine with all the sodium.and potassium 
oxides present. Evaporate until the syrupy residue just solidifies on 
cooling. Drench with 80% (by volume) ethyl alcohol, filter through a 
No. 40 or 42 Whatman paper, and wash by decantation with alcohol 
of the same strength. Dry the paper and dish to remove the alcohol. 
Transfer the potassium chloroplatinate in the dish to a weighed plati- 
num crucible and wash the dish and paper with hot water, receiving 
the washings in the crucible. Evaporate to dryness on the steam bath 
and finally heat for 15 to 20 minutes in an oven or airbath at 135°C. 
Cool and weigh as K2PtCle. 

Calculate the potassium chloroplatinate to potassium chloride and 
deduct it from the mixed chlorides of sodium and potassium to obtain 
the sodium chloride. 

Calculate the potassium chloroplatinate to potassium oxide and to 
the percentage of the latter in the glass. 

In all work blanks must be carried through all steps of the analysis 
and the appropriate corrections applied. 


Potassium Oxide 


C. Suggested Special Procedures 


Treat 5 g of the dried glass in a platinum dish with 
25 cc of water, then with 50 cc of concentrated 
hydrofluoric acid, and finally with 10 to 15 cc of perchloric acid (60% 
acid). Evaporate the solution first on the steam bath and finally over 
a hot plate until fumes of perchloric acid just appear. If solution of 
the glass is not complete add 25 cc of hydrofluoric acid and again evapo- 
rate to incipient fuming. Cool slightly, rinse down the sides of the dish, 
and again evaporate, this time to dryness and at as low a temperature 
as possible. Cool, drench the residue with 2 cc of hydrochloric acid, 
dilute to 100 cc with water, filter if not clear, and transfer the solution 
to a beaker. Make up to a volume of 200 cc, heat to boiling, and 
gradually add 10 cc of a hot 10-%-solution of barium chloride. Let 
stand until cool, preferably overnight, filter through a tight filter, and 
wash with hot water until soluble salts are removed, but avoid-excessive 


Sulphur Trioxide 
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washing. Transfer the paper and precipitate to a weighed platinum 
crucible and burn the paper without allowing it to inflame. Heat at 
approximately 950°C for 20 minutes after the residue is white. Cool 
in a desiccator and weigh as BaSQ,. 


Total Iron (as Fe.O;), Titania, and Zirconia 


Treat 5 g of the dried sample as in the determination of 
sulphur trioxide. After drenching the residue with 2 cc 
of hydrochloric acid, dilute to 100 cc with water, and 
thoroughly saturate the solution with hydrogen sulphide. Let settle 
for at least 2 hours, filter through No. 42 Whatman paper, and wash 
the precipitate with dilute hydrochloric acid (1:99) saturated with 
hydrogen sulphide. Add to the filtrate 2.0 g of tartaric acid, continue 
the gasing with hydrogen sulphide until the tartaric acid has dissolved, 
add dilute ammonia until the solution is faintly alkaline, and then 
continue the gasing for a few minutes more. Allow the precipitate to 
settle for at least one hour, filter through a No. 42 Whatman paper, 
and wash with a 2-% solution of ammonium chloride containing a 
little ammonium sulphide. Keep the funnel covered with a cover glass 
and do not let the filter run dry. Reserve the filtrate for the determina- 
tion of zirconium and titanium. 

Treat the precipitate of iron sulphide and its filter paper in a 150-cc 
covered beaker with 10 to 15 cc of nitric acid (specific gravity, 1.42) 
and 2 to 3 ce of sulphuric acid (specific gravity, 1.84). Evaporate 
until fumes of sulphuric acid appear and add small portions of nitric 
acid (specific gravity, 1.42) from time to time until organic matter 
is destroyed. Cool, dilute with 50 to 75 cc of water, heat to boiling, 
and precipitate by adding dilute ammonia (1:1) until in slight excess. 
Boil for 1 to 2 minutes, filter through a No. 40 Whatman paper, and 
wash the precipitate with a hot 2-% solution of ammonium chloride. 
Ignite in a tared crucible. Treat with a drop or two of dilute sulphuric 
acid (1:4), add 1 to 2 cc of hydrofluoric acid, evaporate to dryness, 
and ignite. Cool in a desiccator and weigh as FesQs. 

Neutralize the reserved filtrate with hydrochloric acid and add 
10 cc in excess for every 100 cc of solution. Cool in ice water. 
Slowly stir into this solution 25 to 35 cc of an ice-cold 6-% solution of 
cupferron. Add a small amount of macerated filter paper, allow to 
stand in ice water for 10 to 20 minutes, filter through a No. 42 Whatman 
paper, and wash thoroughly with cold dilute hydrochloric acid (1:9). 
The filtrate and washings must be refiltered if not clear. Transfer the 
precipitate to a weighed crucible. Burn the paper containing the 
precipitate cautiously under good oxidizing conditions, and finally 
ignite at approximately 1100°C to constant weight. This procedure 
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gives the weight of zirconium and titanium oxides. Fuse the ignited 
oxides with 0.5 to 1.0 g of potassium pyrosulphate and take up the 
melt in 40 cc of dilute sulphuric acid (1:9). Determine the titanium 
oxide colorimetrically by the addition of hydrogen peroxide and 
comparison with a standard titanium solution. 

To determine zirconium add 5.0 g of diammonium hydrogen 
phosphate to the solution which was used for the determina- 
tion of titanium and which should still contain hydrogen peroxide and 
approximately 10% of sulphuric acid by volume. Cover and allow to 
stand overnight at a temperature of 40 to 50°C. Hydrogen peroxide 
must be present in excess at all times. If a precipitate appears, filter the 
solution through a No. 40 Whatman filter and wash the paper and 
precipitate with a cold 5-% solution of ammonium nitrate. Burn the 
paper in a weighed platinum crucible, and finally heat at approximately 
1000°C. Cool and weigh as ZrP,O; which contains 46.3% of zirconium 
oxide. 


Zirconia 


Total, Quinquivalent, and Trivalent Arsenic 


Treat 5 g of the dried glass in a platinum dish with 
25 cc of water and then with 25 cc of nitric acid (specific 
gravity, 1.42), 20 cc of sulphuric acid 
(1:1), and 50 cc of concentrated hydro- 
fluoric acid. Evaporate at as low a 
temperature as possible to fumes of sul- 
phuric acid; cool, rinse down the sides 
of the dish, and again evaporate to 
fumes of sulphuric acid. Cool, add 25 cc 
of water, again cool, and transfer the 
solution with the aid of 175 to 200 cc of 
hydrochloric acid (specific gravity, 1.19) 
to a 500- to 1000-cc flask fitted with a two- 
hole stopper carrying a thermometer and 
an-outlet tube. The latter should be pro- 
vided with a hole in the side about 1 cm 
from the end within the flask to allow free 
circulation. (See Fig. 1.) Add 10 g of 
CuCl, to the flask, quickly insert the 
stopper, and connect the outlet tube 
with a vertical water condenser having 
its lower end dipping into a beaker con- 
taining 150 cc of distilled water and 
immersed in ice water. Heat the flask until, at the end of 30 minutes, 
75 cc of solution has distilled over and the temperature of the vapor 


Total Arsenic 
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has reached approximately 107°C. Continue the distillation at this 
temperature until 25 cc more distillate is collected. Transfer the dis- 
tillate to a 400-cc beaker, cool, and add a strong solution of sodium 
hydroxide or stir with a stick of the hydroxide until the solution is 
alkaline to phenolphthalein. Make slightly acid with dilute sulphuric 
and then add 2 g of sodium bicarbonate. Titrate with N/1i00 iodine 
solution, adding starch just before the end point. Subtract from the re- 
sult the volume of iodine required in a determination in which the re- 
agents alone are used. The iodine solution is conveniently standardized 
against pure arsenious oxide. The volume of iodine solution multiplied 
by the arsenic titer of the solution divided by the weight of the sample 
and multiplied by 100 represents the per cent of total arsenic. 

This determination is identical with that of total 
arsenic with the exception that no nitric acid is 
employed. It is also necessary to avoid the introduc- 
tion of reducing substances, such as organic matter in the hydrofluoric 
acid, which would cause reduction of the quinquivalent arsenic and 
its subsequent loss as arsenic trifluoride. A determination in which the 
sulphuric acid becomes dark colored at the fuming point should be 
viewed with suspicion. 

The volume of iodine solution multiplied by the arsenic titer, divided 
by the weight of the sample, and multiplied by 100 represents the per 
cent of arsenic present in the quinquivalent form. This value is then 
computed to arsenic pentoxide. 

Deduct from the per cent of total arsenic the 
per cent of arsenic in the quinquivalent condition 
“and compute the remainder to arsenic trioxide. 

Transfer 5 g of the dried sample to a platinum dish and 
treat successively with 0.1 g of silver sulphate, 25 cc of 
water, 50 cc of hydrofluoric acid (concentrated, and chlorine-free), 
and finally 10 to 15 cc of perchloric acid (60% acid). Evaporate to 
incipient fumes of perchloric acid, cool, and dilute with 400 cc of dilute 
nitric acid (1:99). Allow the precipitate to settle (preferably over- 
night), filter through a tight paper, and wash the precipitate with 100 cc 
of cold dilute nitric acid (1:99). Dissolve the silver chloride on the 
paper by washing with warm dilute ammonia water (5:95) and collect 
the solution in a 150-cc beaker. Dilute to 100 cc with water, render 
faintly acid with nitric acid and add a slight excess of dilute silver 
nitrate solution. Heat to boiling and set aside in a dark place to cool. 
Filter through a tared Gooch crucible. Wash with cold dilute nitric 
acid (1:99) until soluble salts are removed and then 2 or 3 times with 
water. Dry the crucible and contents for 1 hour at 120 to 130°C. Cool 
and weigh as AgCl. 
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II. Routine Methods 


The usual practice of running a continuing analysis of soda-lime glass 
does not lend itself to rapid work. There is no good reason why the 
ideal procedure, each determination on a separate sample as in steel 
analysis, cannot be followed to a considerable extent. For example, 
while silica is being determined on one sample, ‘‘R.O3;,’’ CaO, and MgO 
can be determined on separate samples or on aliquot portions of a 
solution of a large sample obtained after attack with, say, hydrofluoric 
and perchloric acids. It is not necessary to remove ‘‘R,O;”’ before the 
precipitation of CaO, and MgO and CaO can be precipitated together 
as phosphates and MgO calculated with no great loss in accuracy. 
For rapid determinations of silica probably the best procedure 
lies in thorough drying of the hydrochloric acid solution of the 
carbonate melt, preferably for 1 hour at 110°C at the last, and final 
weighing without hydrofluoric-sulphuric acid treatment. Results ob- 
tained by such a procedure are usually low and need correction as 
empirically determined. For example an average value of 73.7 as against 
the true. value 74.1 was obtained on sample No. 80. 

“RO,” If routine determinations of “R203” are to be made on 1-g 
samples by single precipitation with ammonia, the precipitate 
is best weighed by itself and with no reference to any impurities in the 
silica. By such a procedure an average value of 0.58 was obtained in 
sample No. 80 as against the true value 0.41. More satisfactory results 
can be obtained after direct attack with hydrofluoric-perchloric acid, 
for a larger sample can be taken and no extra salts are introduced. 
If a 10-g sample is used the solution can be divided into two equal 
portions, one for the determination of ‘“‘R.Os,’’ the other for total iron, 
Iron oxide is most conveniently determined by elec- 
trometric titration with a standard solution of po- 
tassium dichromate after solution of a 5- to 10-g sample 
in hydrofluoric acid together with either sulphuric or perchloric acid 
and reduction with stannous chloride. 
Alumina is obtained by difference and the result is high 
when a single precipitation of the ‘““R.O;’’ group is made. 
Single precipitations of lime normally give high results no 
matter whether the oxalate is ignited to oxide or titrated with 
permanganate. For example in sample No. 80 (4.65% CaO) an average 
of 5.11 was obtained by the former and 4.81 by the latter procedure. 
It should be borne in mind that calcium oxalate can be separated in 
acetic or oxalic acid solutions without prior removal of the ‘‘R,O;” 
group and that lime can therefore be determined directly after solution 
of the glass in hydrofluoric and perchloric acids and neutralization of 
the mineral acid. 


Silica 


Total Iron as 
Ferric Oxide 


Alumina 


Lime 
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As with calcium, high results for magnesia are the rule 
when single precipitations of the phosphate are made. For 
example, such treatment gave with sample No. 80 an average of 
3.31% as against the correct value 3.23%. When but moderate amounts 
of calcium are present and analyses must be performed rapidly, reason- 
ably good results for magnesium can be obtained by precipitating 
calcium together with magnesium, then subtracting Ca;(POx,)2 as 
calculated from a separate determination of the calcium, and finally 
calculating magnesium from the remainder. The filtrate from the 
ammonia precipitation can be divided into two equal parts, one for the 
determination of calcium, the other for the precipitation of calcium and 
magnesium phosphates. The precipitation is carried out exactly as 
described for magnesium and preferably by the use of diammonium 
phosphate. The mixed phosphates fuse, but this is immaterial. In 
the following tests the indicated amounts of lime and magnesia as 
chlorides were treated with 3 g of sodium carbonate, then with hydro- 
chloric acid in 5-cc excess, boiled to expel carbon dioxide, cooled, diluted 
to approximately 200 cc, and precipitated by the addition of 2 to 3 g of 
(NH,)2HPO, followed by ammonia added slowly and with stirring 
until in approximately 20-cc excess. The solution therefore represented 
one-half of the filtrate obtained after the ammonia precipitation in 
the analysis of 1 g of glass. 


Magnesia 


CaO Mg:P:0; by 


CaO taken MgO taken Mixed phosphates _ calculated difference MgO indicated 
to Cas(PO.): 

0.0287 0.0158 0.0958 0.0526 0.0432 0.0156 
0.0287 .0158 .0951 .0526 .0425 .0154 

Alkalis The most promising rapid methods for the determination of 


alkalis in soda-lime glass appear to be those based on attack 
with hydrofluoric and perchloric acids followed by evaporation to 
dryness and careful heating to convert the perchlorates to oxides and 
chlorides. Such an attack should leave the ‘“‘R.O;”’ group as oxides, the 
alkaline earths as basic chlorides, and the alkalis as chlorides. The 
alkaline earths can then either be converted to oxides by evaporation 
with a suspension of mercuric oxide and careful heating to expel the 
mercuric chloride or else precipitated by an alcoholic solution of 
neutralized ammonium carbonate. After the former procedure a 
determination of chlorides by gravimetric or volumetric methods 
gives a measure of the alkalis. The same can be done after the second 
procedure, or else the filtrate can be evaporated and the chlorides 
weighed as in the J. L. Smith method. Preliminary experiments by the 
former method gave calculated Na,O percentages of 16.71 and 17.06 as 
against the total of 16.67 in sample No. 80, while determinations by 
the latter method gave 16.43 and 16.48. We plan to test these methods 
more fully and to report in the near future. 
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LARGE CLAY SHAPES FOR THE WINDOW 
GLASS INDUSTRY! 


By Epwin P. ArTHuR 


ABSTRACT 
Service requirements of special clay shapes are discussed for the Lubbers, Colburn, 
and Fourcault window glass machines, and methods of making the shapes are mentioned. 


Purpose of the Study 

Notable among the clay pieces required for the manipulation of 
molten glass in the manufacture of window glass by machinery are 
the drawing pots of the Lubbers cylinder system, the pots and lip tile 
of the Colburn machine, and the debiteuse blocks used in the Fourcault 
process as well as Anchor rings, ladle rings, floaters of special design, 
and drawing bars. The shapes for the different machines are subject 
to the same or similar conditions of ser- 
vice. Precautions employed in making one 
shape will apply, in some measure, to all. 
Most cylinder drawn win- 
dow glass is made with the 
“Thornburg’’ double re- 
versible pot. (See Fig. 1.) It consists 
essentially of two shallow circular pots, 
back to back, with trunnions on the 
center line so that the pot may be turned 
over for alternate draining. Experience 
has shown that aside from the glass 
itself, nothing is more essential to the success of the Lubbers cylin- 
der system of window glass making than the drawing pot. 

The pot must be accurately made to size. Irregular shrinkage of 
the clay is an especially important item in large pieces. When green, 
an ordinary pot will be 413 inches in diameter. It shrinks to 40 inches 
when air dried and to 39? inches when fired. If the pot is round when 
green, it will shrink to an oval shape when dry, with the major axis 
on the center line of the lugs. This shrinkage ‘‘out of round’’ may be 
practically eliminated by making the pot slightly smaller on the lug 
diameter. Lugs are sometimes cut to fit cast-iron trunnions or the pot 
may be held in place by the pressure of a set screw or tail pin on the 
trunnion bearing. ' 


Thornburg 
Pot 


Fic. 1.—Thornburg pot. 


A wooden form of the correct oval shape is placed 
face down on a level workbench. The center of the 
proposed pot is located by a suspended plumb bob. The bottom of the 
pot is laid down by hand, using aged clay in small rolls. The bottom 


Forming the Pots 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
Feb., 1927. (Glass Divisino.) Received January 14, 1927. 


4 

A 
| 
| 


LARGE CLAY SHAPES FOR WINDOW GLASS INDUSTRY 851 


of the pot is leveled with a straight edge and spirit level. The form for 
the upper face of the pot is then placed in position and centered.' 

The shoulders of the pot are finished around the forms and the pot 
sides carefully knit to the pot bottom. The outside surface may be 
finished with a scribe or special smoothing knife and wire arranged to 
revolve around the center of the pot form eccentrically to provide for 
the oval shape of the green pot. 

The inner surface of the clay drawing pots must be smooth. An 
angular corner where the pot wall meets the pot bottom without a 
substantial fillet will introduce air bubbles into the glass. Apparently 
the radius of the fillet in the pot bottom is very important. It should 
be such that the surface tension of the molten glass will allow the 
molten glass to flow into the pot without entrapping air. A rough spot 
on the pot bottom will also cause bubbles. The surface of the pot 
is best left untouched by a dressing tool. It should have the smooth 
‘“‘water-glazed”’ surface or ‘‘skin’”’ left on the body in drying, untouched 
from the so-called “‘leather-hard”’ condition. 

The lugs of the pot trunnions are built last but the clay must be 
joined at the same time the shoulders are formed in order to make a 
thoroughly homogeneous body and to give the lugs the necessary 
strength and firmly attach them to the pot proper. The lugs must be 
given support during the initial drying; if not, their weight will pull 
the plastic clay walls of the pot out of shape. 

After the green pot is removed from the forming mold, the bottom 
must be supported to prevent sagging. Removal of the pot from the 
mold and subsequent handling of the delicate clay shape presents a very 
interesting engineering problem. Although the green pot will weigh 
as much as 700 pounds, one man can handle it nicely with proper 
tackle, board clamps, and accessories. 

When the initial drying has taken place, and the pot is strong enough 
to stand without deformation, it may be placed on edge to complete 
the drying.” (See Fig. 2.) 

The interior face of the pot, in contact with the molten glass, 
Pot Use. 
is subject to rather severe service. After a cylinder is drawn, 


1 It is essential that the two faces of the pot be exactly centered, otherwise the 
relative position of the pot face to the drawing machine would be changed with rotation 
of the pot. If the face of the pot is not in alignment with the drawing machine, the glass 
cylinders are drawn to the side of the pot preventing full length cylinders and making 
the glass of irregular thickness, called ‘‘thick and thin”’ glass. 

2 The general practice is to carry out the drying in warm rooms with wet burlap on 
the clay surfaces to prevent too rapid surface evaporation. Drying under conditions 
of controlled humidity would seem to be a logical development, as the time of drying 
could, in all probability, be materially reduced. Six to eight weeks is considered a 
minimum length of time required for pots from the day they are taken from the mold 
to the day they may be placed in the preheating arch. 
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the upper face of the pot is turned downward into the kiln of the 
machine where the intense heat of a direct flame is used to melt out 
the residual glass in the bottom of the pot. When the pot is turned 
into the kiln, it contains as much as 250 pounds of glass near a tem- 
perature of 1600°F. Ninety per cent of this glass can be heated and 
made fluid enough to flow from the pot in less than twelve minutes. 
The pot will be ready to reverse after twenty minutes and its surface 
temperature as determined by an optical pyrometer immediately on 
turning is near 2350°F. 

The bottom of the pot is 
sometimes given a light scrap- 
ing with a hoe-shaped tool or 
roller before the next charge, 
approximately 550 pounds of 
molten glass near a tempera- 
ture of 2200°F, is ladled into 
it. The charge of glass fills the 
pot to within about one inch 
of the lip edge. Drawing of the 
cylinder is then begun and 
continued for 25 to 30 minutes 
during which time the mass of glass in the pot cools from the initial 
temperature above mentioned (2200°F) to about 1750°F. After the 
cylinder is removed, the pot is ready to turn over and the cycle proceeds 
until the pot is worn out. 

A satisfactory average life of a pot would be 1200 reversals although 

pots have been known to last longer. Failure with good pots is generally 
the result of cumulative mechanical injury and seldom from corrosion 
as a primary factor.! 
Prefiring of The green dry pot is brought to a temperature of 
Pots 2008 F or above in a direct fired pot arch. A con- 
servative heating schedule would be 5—10°F per hour 
to 1100°F and 10-20°F per hour to finish. Pots have, however, been 
successfully fired in seven days but such a schedule is not to be recom- 
mended.” Once thoroughly matured at the finishing temperature, the 
hot pots do not need to be held at the highest temperature. They 
need only be hot enough to remain above a critical temperature when 
being placed in the drawing machine kiln, say, low red. 


Fic. 2. 


1 Williams, Bull. Amer. Ceram. Soc., 3, 413(1924), has stated that domestic pots fail 
in 90% of cases because of ‘‘turtle back”’ cracks on the pot bottom which cause bubbles 
in glass ladled into the pot. Such cracks may result from faulty body composition or 
improper firing. 

2 Teisen, Jour. Soc. Glass Tech., 7, 241 (1923). A firing schedule for pots is given as 
seven days with a temperature of 1100°C (2012°F). See also Fig. 2. 
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If pots are overfired, the clay generally appears dark brown when 
taken from the arch. If the pot is held at too high a temperature for a 
long time, it may warp. If underfired, a pot may lack strength and 
it may also cause seedy glass, gas and water not being entirely expelled 
from the clay. 

Pots are sometimes glazed with glass by placing them in the refining 
end of the glass melting furnace and then in the drawing machine. 


Flattening Stones 


Large slabs of clay are used in the flattening ovens employed in the 
cylinder process. These “‘stones’’ may be as large as 60 inches by 84 
inches and are about six inches thick. The surfacing of the slab receives 
much attention. It is scraped until as nearly plane as practical and 
the final polishing is given with a dressing of very fine clay body and 
silicate of soda. In use, the flattening stone is often dusted with fine 
ground gypsum. 

The surface of the flattening stone is subjected to the full heat 
of the oven for two minutes near a temperature of 1800°F, followed by 
four minutes cooling to 1300°F and then two minutes in the leer piling 
oven, and is heated slightly lower than 1100°F. At full load this cycle 
of heating and cooling is repeated as often as eight times per hour for 
five months or longer. Even when the oven is not in use, the stones 
must proceed through the cycle to prevent undue cooling in the cooling 
chamber of the flattening oven. 


Pots for the Colburn Machine 


The Thornburg pots for the cylinder process are subjected to a severe 
alternate heating and cooling and to strains incident to the ladling of 
the glass as well as the mechanical movement of the reversals. The 
Colburn pots on the contrary are, when once placed in position, 
subject to uniform temperature conditions except infrequently when 
the drawing machine is stopped or started. The mechanical stresses are 
constant and the pot is well supported by clay stools. 

Exact dimensions of the Colburn pot are not so important as for the 
pot of the cylinder system. The sheet of glass is formed by the water 
cooled knurled rollers at either side of the pot which is filled to constant 
level with the molten glass flowing from the melting furnace. 

Composition of the clay body from which the pot is made is of course 
important.! 


1C, W. Berry, ‘“‘Needs of the Glass Manufacturer in the Way of Refractories,” 
Trans. Amer. Ceram. Soc., 16, 101 (1914). Mentions importance of physical structure. 

1R. H. Minton, ‘‘Manufacture of Refractory Materials for Glass Works Con- 
struction,” Trans. Amer. Ceram. Soc., 8, 353 (1906). A discussion of requirements for 
tank blocks. 

1 R. J. Montgomery, “Present and Future Walls for Use against Molten Glass,” 
Jour. Amer. Ceram. Soc., 8, 205 (1925). 
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Starting and stopping of the Colburn machine is so expensive in 
production loss, fuel, and labor, that the pots must be made to with- 
stand relatively long periods of service. A machine may be operated 
long after a pot has developed cracks in the lip and bottom and even 
when glass leaks from the pot. With certain glass compositions leaky 


pots are said to improve the quality of the glass drawn, possibly pre- 
venting devitrification by a more rapid flow of hot glass into and from 
the pot. 

Typical pots for the Colburn machine are shown in Fig. 3. The 
shape presents no unusual difficulty. After drying they are preheated 
and placed in the drawing machine while hot. (See Fig. 4.) The 
curves shown in Fig. 5 are satisfactory schedules for heating these 
heavy clay shapes. Slow heating over the critical periods will insure 
thorough bonding free from 
incipient cracks or so-called 
“haircracks’” both the 
body and on the surface. 


Debiteuse Blocks for the 
Fourcault Process 
In the Fourcault process 
the glass is formed by extru- 
sion through a slotted clay 
Fic. 4. debiteuse block which is held 
below the glass level in the 
tank furnace. (See Fig. 6.) It is obvious that the debiteuse block, 
which actually forms the sheet of glass, is subject to even more strict 
requirements than the clay pots of the other machines. 


=) 
‘ 
Fic. 3. 
j 
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The blocks are formed by hand on a shrinkage scale, usually 3 inch 


per linear foot. When first rammed to shape the slot is not formed 
completely through the.block. The slot is cut through the block after 
the initial shrinkage has taken place and the clay is in the leather hard 
condition. Warping of the block during drying is in this way reduced 
to a minimum. 

The slot is finished with 71] T 


——+ — + 


tools by hand while the clay | 


is just moist enough to 


smooth to a water-glazed Surface of Block 
surface. A template accu- 
rately cut to shape of the 
slot can be used to advan- Conner LF 
tage. The shape of the slot in —- Z | 
the debiteuse is of utmost 800+- £240 
importance to the best opera- Mas 3-Thermocouple 


tion of the Fourcault ma- 000 
chine. The lips of the slot 
must be accurately formed | 
It is not enough for the lips of | Fic. 5.—Firing schedule for large clay shapes. 
slot to be smooth on the sur- 

face only, but the body beneath the surface must be of such a char- 
acter as to withstand the abrasion of the flowing glass without becom- 
ing rough or pitted. Even the smallest crack or pit in the surface of 
the lip will sometimes render a block unfit for further use. 

The drawing block or debiteuse is subject to some alternate heating 
and cooling. In starting the Fourcault machine, the block and sur- 
rounding glass are heated to about 2300°F to render the glass fluid. 
When a machine is started, the upper 
face of the debiteuse is cooled to about 
1200°F in less than two hours. Steel shell 
water coolers rest on the top of the block 
near the sheet which is drawn from the - 
slot. With the upper face of the block 
hardly dull red, the lower face is near 
1900°F and subject to constant flow of 
molten glass. 


Fic. 6. 


It is needless to say that the clay body for these shapes should be of 
dense uniform character free from pits, pockets, laminations, checks, 
or cracks. It is not enough for the surface of the clay ware to be 
smoothed off with water and a little clay; the body in itself should be 
of smooth uniform character. Large hard burned grog particles near 


T. 
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| 
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the surface of the lips of the block are apt to be exposed with the 
wearing away of the clay bond and leave a rough edge in contact with 
the glass. Such irregularities cause objectionable defects in the finished 
sheet of glass. 

Composition of Clay Body 


The question is often asked ‘‘Can claywork cause seeds and bubbles 
in glass?’’ The factors involved make it indeed difficult to answer. 
When a series of clay pots made at the same time from the same 
composition under identical conditions fail in service because of seeds 
in the glass, in spite of any and all adjustments in length and tempera- 
ture of preheating, kiln operations, glass temperatures and compo- 
sitions, etc., the only conclusion is that there is something in the clay 
body which is a source of the trouble, or some factor uncontrolled. 

The factors of time and temperature in the preheating of the shapes 
as well as glass temperatures and composition have a profound influence 
on the character of the finished glass and their freedom from defects 
such as seeds and bubbles.'' Presence of impurities, tramp iron, etc., 
in the body are certainly a source of such troubles. 


Reaction of Clay and Glass 


It should be remembered that the ordinary soda-lime glasses are not 
finished products in the sense that the chemical reactions by which 
they are made are complete. Finished glass contains appreciable 
quantities of carbonates, sulphates, etc., as well as other gases, as has 
been shown by Washburn and others. Payne has mentioned the 
importance of dissolved sodium chloride in seeds and bubbles in glass. 
Scholes? has suggested that the well-known peculiar behavior of cullet 
melted glasses might be explained by the relative freedom of the 
remelted cullet from these dissolved gases as compared with the virgin 
or batch-melted glass. 

When silicates dissolve in molten sodium carbonate, the solution of 
the silicate is accompanied by corresponding evolution of carbon 
dioxide. It is thought that the dissolving of silica from clay might also 
give rise to a bubble of carbon dioxide in the glass.* 

Soda-lime glass (ordinary window-glass composition) 
was melted in fireclay crucibles, holding about five 
pounds each, which had been ‘‘soaked”’ in the glass for a few days to 
thoroughly glaze the surface and allow evolution of any gas or water 
from the porous clay. Crucibles were heated in pairs, one for experi- 


Experiments 


1 Often called ‘‘blisters’”’ because of their shape in drawn glass. 

2? Unpublished remarks. 

* Gelstharp, Trans. Amer. Ceram. Soc., 12, 327 (1910), says that the presence of these 
fine gas bubbles is due to the dissolving of the excess sand. 
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ment and the other a blank for control. After being held at a tempera- 
ture of 2350°F (+25°F) for about 100 hours, the glass was apparently 
perfectly plain. Close examination of the glass while molten did not 
disclose the slightest bubble in either crucible. 

One gram of dry sand was then added to one crucible and the 
two crucibles allowed to remain in the furnace for twenty minutes. 
When they were withdrawn, slowly cooled, and partially annealed, 
the control crucible showed only a very few minute bubbles to the 
naked eye while the crucible of glass into which the sand had been 
placed contained many seeds and bubbles of all sizes up to 1g inch in 
diameter. 

In order to determine whether or not these bubbles had their origin 
in entrapped air introduced with the sand grains, similar experiments 
were undertaken using dust (factory floor sweepings) and also amor- 
phous silica prepared by evaporation of sodium silicate in the presence 
of an excess of hydrochloric acid, followed by washing and ignition to 
constant weight at bright red heat. In the case of the dust, there 
seemed to be a tendency for seeds and bubbles to form with the dust 
particles as nuclei but the bubbles were not so large or as numerous 
as for a like weight of sand. With the amorphous silica, no apparent 
reaction took place; seeds and bubbles were observed in no greater 
amounts than the control sample. The amorphous silica seemed to 
remain inert in the glass. 

Pending further work, conclusions may not be justified.' It appears 
that clay for window glass pots or blocks should contain free silica only 
in a very finely divided condition. Grains of free quartz are to be 
avoided if possible, even though the practice of adding sand to a clay 
batch for such shapes will give other very desirable qualities to the 
body.? Rees* recommends special pressure coatings for surfaces subject 
to wear and adds that grog should dissolve as readily as the bond to 
prevent stony glass. He also states that unweathered clay may resist 
temperature changes better than weathered clay. Silica in clay is said 
to give mechanical strength, fire clays containing as much as 70% 
SiO:, but the best results are not obtained by adding silica as sand. 

Even some of the very best clays contain as much as 4% quartz.‘ 

Obviously the sand serves an important purpose in the body and 
elimination of this sand from the clay batch would be difficult. 


1C. R. Fettke, Trans. Amer. Ceram. Soc., 19, 160 (1917), states that gaseous and 
liquid inclusions in quartz might account for seeds evolved in the experiments mentioned. 

2S. L. Galpin, “Effect of Quartz Grains on Porosity and Shrinkage of Kaolin,” 
Trans. Amer. Ceram. Soc., 12, 548 (1910). 

3 Rees, Jour. Soc. Glass Tech., 6, 181 (1922). 

* According to Rosenhain, Jour. Soc. Glass Tech., 3, 93 (1919). 
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Substitution of other materials for sand would, however, seem to offer 
a promising field for research. 


Acknowledgment 


The author wishes to acknowledge the helpful criticism of A. S. Watts, Department 
of Ceramic Engineering of Ohio State University, in preparation of this paper. 


Discussion 


Mr. BLEININGER: May I quote in this connection from the ex- 
perience of the makers of vitreous china. It has been found that glazes 
will fuse on the body without bubble formation both when the body is 
quite porous and when it is dense and vitreous, but bubbles will 
often be found in the glaze when the body is changing from the semi- 
vitreous to the vitreous state. No bubbles will form when the body has 
an absorption of 10% or when the absorption is practically zero. But 
the glaze will show the presence of bubbles when the body has an 
absorption of about 2 or 3%. It would seem as if just before vitrifi- 
cation proper sets in, gas is squeezed out of the body into the glaze. Is 
it possible that clay work ahead of the contact line with glass, through 
the absorption of fluxes, may be in a condition approaching that of 
incipient vitrification? 

When silicates dissolve in molten sodium carbonate, carbon dioxide 
is certainly evolved and in direct proportion to the amount of carbonate 
which reacts to form sodium silicate. Since most glass must be assumed 
to contain some sodium carbonate remaining uncombined, ii is not 
illogical to imagine that on contact with silica from clay or any other 
source a small amount of carbon dioxide is set free. 

In this experiment is it not possible that some entrapped air was 
also brought into the glass with the sand, since dust as well as amor- 
phous silica likewise must contain such air? The results showed 
however that the amorphous silica did not result in seeds, which might 
be taken to indicate that this silica contained less entrapped air. But 
according to this theory the amorphous silica should have given rise 
to carbon dioxide just as sand would do, because it should be assumed 
that the free carbonate of soda would combine with this type of silica 
even more eagerly than with sand. This is the weak point of the 
experiment. In other words, the theory that silica causes the setting 
free of carbon dioxide through its combination with sodium carbonate 
is logical enough but the experiment does not seem to have proved this 
point. I realize now how difficult it is to follow through such points but 
the need of further tests would seem to be apparent. Might it not 
be possible that the glass used was already pretty well combined 
and had no sodium carbonate left, or at least very little? If it were pos- 
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sible to get glass which was not quite satisfied as to silica content the 
result might have been more positive. 

As molten glass attacks a clay container, it is reasonable to believe 
that the air contained in the pores of the refractory will in part pass 
into the glass, no matter what the composition of the clay body is. 
Whether this volume of gas would be sufficient to account for the 
bubbles or seeds, I do not know. I do know this from our experience 
in the making of optical glass in porcelain pots that when we failed to 
fire the pots in the arch to a high enough temperature, seedy glass 
always resulted and I believe that a lot of the gas came from the pot. 

The question thus arises: What would happen if we had the glass 
contained in thoroughly vitrified containers, practically free from pores? 
Would not a refractory porcelain of this kind have certain advantages? 

Results are inconclusive as pointed out. Some shapes, both pots 
and blocks, produce seed-free glass, while others persist in “throwing” 
bubbles. Examination of worn blocks and pots when cold generally 
shows a collection of gas bubbles in the slight pits or depressions 
occasioned by wear. Whether or not they are formed there during 
operations, is difficult to say. Refractory porcelain to withstand the 
temperature changes is highly desirable. 


THE HEAT-BALANCE STUDY OF CERAMIC KILNS! 
By Henry N. Baumann, JR.? 


ABSTRACT 

The elements of the heat-balance study and calculation of the thermal efficiency of 
ceramic kilns are summarized, and an outline of a heat-balance method is given. The 
CO, in the flue gases of the kilns studied was measured automatically and continuously 
by an electric CO, meter making use of the thermal conductivity method, and some of 
the resulting CO2 percentage curves are given and interpreted. A complete heat-balance 
of a 30-foot round downdraft facebrick kiln fired with wood is given, together with 
various data and conclusions on the use of wood in firing ceramic kilns. A complete 
heat-balance of a Hoffman continuous coal fired kiln is given, together with temperature- 
gradient curves and other data of this and two other Hoffman kilns. 


Introduction 

Until quite recently comparatively little work had been done on the 
heat problems of the ceramic industries, although the importance of 
these problems has long been recognized. The technical development of 
ceramics has all been so recent that the attention of ceramic engineers 
has been largely devoted to other tasks which have been more pressing. 
When it is remembered that the very instruments necessary for the 
study of high temperature processes were developed only a few years 
ago, and that many essential data are still wanting, the apparent neglect 
of kiln-firing studies is better understood. If the physical difficulties of 
collecting data are considered, we can readily understand that the heat 
problems of ceramic kilns have not been neglected because they were 
considered unimportant. 

No problem of equal practical importance is more difficult or elusive than the predic- 
tion of fuel effects by calculation, or the determination of the most suitable fuel for a 
given purpose. 

Conditions are changing rapidly, however, and the last few years 
have seen an awakened interest in the heat-balance study of ceramic 
kilns. R. T. Stull, who, as superintendent of the Columbus Station of 
the Bureau of Mines, had charge of the investigation of ceramic kilns 
sponsored by the four heavy clay products associations in 1921-22 said :4 


! The main portion of this paper is taken from a thesis presented as a partial require- 
ment for the degree of Master of Science in Mining Engineering, University of Washing- 
ton, Seattle. Published by permission of the director of the U. S. Bureau of Mines. Re- 
ceived July 9, 1927. : 

2 Holder of Fellowship in Nonmetallics, U. S. Bureau of Mines, Northwest Experi- 
ment Station, 1925-26. 

*C. E. Lucke and J. J. Flather, A Textbook of Engineering Thermodynamic, 
McGraw-Hill Book Co., New York, p. 387, 1915. 

4R. T. Stull, et al., ‘The Burning Problem of Industrial Kilns.” An investigation 
by the Ceramic Experiment Station and the Fuel Division of the U. S. Bureau of Mines. 
Published by the four heavy clay products associations, 1921-22. 
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Prior to 1916, fuel was cheap and the burning of a ton or two more or less apparently 
did not matter, but today the cheap fuels are past, and it behooves us to watch the coal 
pile. 


And according to A. V. Bleininger,! 


All agree that the work of making a thorough study of the firing of clay products is 
the most vital problem of the ceramic industry. 

Not only in the ceramic industries, but in industries generally, 
interest has increased in the study of fuel problems, in the conservation 
of fuel, and in the more efficient use of fuel. The number of new books 
and articles on fuels and related subjects published during the last 
few years is an indication of this interest. The development of a 
number of apparatus for measuring CO, and the apparent ready sale 
of these instruments, together with the increased use of pyrometers is 
another sign that fuel is being 
used with greater care and 
efficiency. 


Heat- 
Balances 


The term heat-bal- 
ance is a fairly old 
one, originally used 
by mechanical engineers, but 0 500 1000 7500 2000 
only in recent years has it be- ere 

come common. At first applied 
only to the steam-boiler, its use has spread so that now references can 
be found in engineering literature to the heat-balance of every kind of 
heat-using apparatus. The term originated by analogy with the 
bookkeeper’s balance sheet, heat units being substituted for dollars 
and cents. A heat-balance may therefore be defined as a thermal 
balance sheet which shows the ultimate disposition of all the heat 
developed from the fuel used. The heat-balance is the logical begin- 
ning for our study of kiln-firing, ki'n-designing, and fuel efficiency. 


Molal 
Specific Heats 


® 


Fic. 1.—Molal specific heat of gases. 


In recent years a second meaning has been given to the term heat- 
balance as applied to a steam-using system; namely, a balanced con- 
dition under which the maximum amount of work is taken out of every 
bit of steam. In this sense a heat-balance means an efficient heat- 
balance. It is unfortunate that this idea should not have been expressed 
by a new word, for the idea is a good one, and has been applied to 
ceramic kilns which are constantly being made more efficient. A Hoff- 
man kiln, or an efficient tunnel kiln, might well be said to have a heat- 
balance in this later sense. In this study, however, we shall use the term 
heat-balance in its original and commonly used sense. 


1 A.V. Bleininger, ‘“‘The Balance Sheet of a Downdraft Kiln,” Official Report, 22nd 
Ann. Conv. N.B.M.A., The Clay-Worker, 49, 278 (1908). 
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The particular objects of this study are: (1) to determine 
and outline a practical method for the heat accounting of 
ceramic kilns, (2) to determine heat efficiencies of each 
kiln and suggest possible improvements, (3) to compare heat efficiencies 
and other characteristics of different types of kilns, and (4) to study 
and correlate any heat or fuel data found. 

The main divisions of this study are as follows: (1) the elements of 
heat-balance study and calculation, (2) the heat-balance of a round 
downdraft face-brick kiln fired with wood, (3) the heat-balance of 
Hoffman continuous kilns, and (4) general conclusions on the heat- 
balance study of ceramic kilns. 


Objects of 
This Study 


The Literature of the Heat Study of Ceramic Kilns 


It is interesting to know that the first report of an investigational 
nature on fuel undertaken in this country was made one hundred years 
ago (April, 1826) by Marcus Bull, in Philadelphia.! 

The first heat-balance study on ceramic kilns reported was that of 

A. V. Bleininger in 1908 on a 


3 2 _ downdraft kiln firing common 
brick. This together with 
ge Bleininger’s study of four in- 
dustrial kilns? marks the be- 
ae 9 ginning in the United States of 
$3 8 the scientific study of heat dis- 
tribution in kilns. The heat- 
2000 balance studies of Bleininger 


may have been patterned after 
those of steam-boiler plants 
which had a standard procedure even at that time.‘ Bleininger’s work 
is valuable as laying the foundation for heat-balance study, and in 
giving the first data of this kind available. 

There was not much development in this study until 1917, when 
Harrop's heat-balance of a continuous car tunnel kiln was published.5 
This was the first study of a tunnel kiln. It is notable also because 
Harrop estimated the radiation and convection loss by direct 


Fic. 2.—Mean molal specific heat of gases. 


1S, W. Parr, “The Constitution of Fuels,” Ind. Eng. Chem., 18, 640 (1926). 

2 A. V. Bleininger, loc. cit. 

3A. V. Bleininger, ‘‘A Study of the Heat Distribution in Four Industrial Kilns,” 
Trans. Amer. Ceram. Soc., 10, 412 (1908). 

4A.S.M.E. Committee on Revision of Standard Codes for conducting steam boiler 
test trial, Report on Appendices of Code 1899, Trans. A.S.M.E., 21, 93-96 (1900). 

5 Carl B. Harrop, ‘‘Heat-balance of a Continuous Tunnel Kiln,” Trans. Amer. 
Ceram. Soc., 19, 216 (1917). 
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calculation, instead of lumping these losses with the unaccounted-for 
heat,.a step which required considerable courage. 

The work of the Bureau of Mines in coéperation with the four 
heavy clay products associations,! and in coéperation with the Re- 
fractories Manufacturer’s Association,? beginning in 1921, was the most 
ambitious research on the firing of kilns yet attempted and furnished 
a large amount of valuable new data, principally on downdraft periodic 
kilns. Bole has reviewed some of the direct practical results of these 
coéperative researches. 

The recent work of A. Ernest MacGee‘ in developing a method for 
determining the interval specific heats of ceramic materials makes 
possible greater accuracy in the computation of efficiencies. MacGee’s 
work has proved that certain periodic kiln efficiencies that were formerly 
believed to be only 22%, were probably nearer 35%. 

Other valuable work is that of Hursh® giving data on a producer-gas- 
fired chamber kiln, that of Harrop® on a producer-gas-fired kiln, and 
that of Treischel and Robertson’ on a continuous kiln of the chamber 
type. Bigot furnished some compiled data on various kinds of European 
kilns in 1914.8 


Outline of Heat-Balance Method Used 


After considering different schemes which have been used or sug- 
gested for distributing the heat supplied to kilns and other heat-using 
apparatus, the following outline was adopted: (1) heat in dry flue 
gases, (2) heat loss due to water-vapor, (3) heat stored in kiln, kiln 
furniture, etc., (4) heat used in firing ware to produce chemical and 
physical changes and in heating clay, (5) fuel losses (unrealized heat), 
unburned fuel, incomplete oxidation, etc., (6) radiation and convection, 
and (7) all other losses. 


1R. T. Stull, et. al., loc. cit. 

2 W. E. Rice and Ralph A. Sherman, “Determination of the Distribution of Heat in 
Kilns Firing Clay Ware,” Jour. Amer. Ceram. Soc., 7, 738 (1924). 

3G. A. Bole, “Study of Kiln Losses; an Example of Value Accrued from Coéperative 
Research,” Bull. Amer. Ceram. Soc., 4, 352 (1925). 

* A. Ernest MacGee, ‘The Heat Required to Fire Ceramic Bodies,’’ Jour. Amer. 
Ceram. Soc., 9 [4], 206 (1926). 

5 R. K. Hursh, “Heat-balance on a Producer—Gas-fired Chamber Kiln,’’ Jour. Amer. 
Ceram. Soc., 1, 567 (1918). 

°C, B. Harrop, ‘Test of a Producer-Gas-fired Periodic Kiln,” Jour. Amer. Ceram. 
Soc., 1, 35 (1918). 

7 C. Treischel and H. S. Robertson, “An Attempted Heat Balance of a Continuous 
Kiln of the Chamber Type,” Jour. Amer. Ceram. Soc., 1, 322 (1918). 

8 Alexander Bigot, ‘Distribution of the Heat in Ceramic Ovens,” Trans. Ceram. 
Soc. [Eng.], 14, 96 (1913-14). 
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The preceding outline shows the final distribution of the heat fur- 
nished to the kiln. Some of this heat does useful work, while some of it 
is wasted, and another classification based on used and wasted heat is 
possible. Even the heated flue gases do useful work in the ordinary 
chimney as the chimney draft is caused by the difference in density 
between the chimney gas and the outside air. Nothing is gained by 
heating the flue gas beyond 322°C as the density of the gas decreases 
faster than the velocity increases when this temperature is reached.' 

H =heat in large calories (Cal.) 

W =weight in kilograms 
S=specific heat 

K = parts by weight in one kilogram 
f subscript for flue gases 

a . “ outside air 


w “s “ water or vapor 


t°=temperature Centigrade 
The full outline is as follows: 
(1) Heat in Dry Flue Gases H=W,XS;(t°;—la) 


(2) HeatLoss Due to Water— (a) Water-vapor with fuel 
Vapor in Flue Gas H= Weuei K,,{(100 +538.7+S,(t; 100°).]* 


If a heat of vaporization table is available, the above formula may be 
shortened as follows: 
H = WeuciX Kulheat of vap. ty-+(ts—ta).] 
The approximate latent heat of vaporization of water at high tem- 
peratures may also be found by the following formula: 


Heat of vap. ty = 596 —0.60#, (Griffith) 
(6) Water-vapor from hydrogen in fuel 
H=9 X Weuei +538.7 — 100°) ]* 
(c) Water-vapor from entering air 
H=K.yX Wa X(t —ta) 
Where K,,=kilograms of water-vapor per kilo of dry air 
(d) Water-vapor from ware 
(1) Mechanical water 
(2) Chemically combined water 


When the total amount of water in the ware is known and the mean 
temperature of the flue gases when it leaves is known, the heat loss due 
to driving off the water in the ware can be calculated. Except in the 
case of the continuous kiln the mean flue-gas temperature for an entire 


t A systematic and simple notation is adopted, which agrees well with the notations 
generally used. A capital letter, as a rule, the initial letter of the quantity or component 
used or sought, is followed when necessary by a subscript defining the symbol more 
definitely. 

* Raymond Foss Bacon and William Allen Hamar, American Fuels, McGraw Hill 
Book Co., 1922. 

¢t Carl B. Harrop, ‘‘Heat-balance of a Continuous Tunnel Kiln,’’ Trans. Amer. 
Ceram. Soc., 19, 227 (1917). 
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firing is difficult to determine. The heat used in driving off water is 
part of the heat used in firing the ware, and will be included under that 
head. 


(3) Heat Stored in Walls, 


Kiln Furniture, etc. H=vW weit X Swan X 2—t 1) 


The heat stored in walls, kiln furniture, bag walls, wickets, saggers, 
etc., may each be calculated separately; ¢, is the temperature at the 
beginning of the firing; it may be an air temperature or it may be higher 
due to the heat left from preceding firing. Each item should be deter- 
mined separately, and the heat left in the walls from the previous firing 
should also be carried as a separate item, in this case a credit item. 


(a) Loss due to carbon being burnt to CO. 


(4) Fuel Losses XK 2X 5650 


H=— = 
(Unrealized Heat) CO:+CO 
K .=per cent carbon per kilo of fuel 
CO and CO, are parts by weight 


(6) Unburnt fuel such as carbon in ash. Formulas and methods depending on fuel 
and kiln. An example of a method for finding the heat loss due to the unburned carbo- 
naceous material in the ash from a R.D.D. kiln fired with coal is given by Rice and 
Sherman,! the English system of units being used. 


H=14,570 X0.289 X 14,540 = 61,224,014 B.t.u. 
Where the combustible is assumed to be pure carbon with a calorific value of 14,540 B.t.u. 


per pound. 
Weight of ash and refuse = 14,570 pounds 


Combustible in ash and refuse = 28.9% 

In the combustion of an oil particle, carbon is the most difficult 
portion to burn, according to Barkley. Soot forms very easily by the 
separating out of the carbon and causes a noticeable heat-loss at times. 
This may be caused by a chill, as when the atomized fuel-oil meets the 
walls of the fire box before being properly heated, or a lack of air at the 
right moment. Losses due to this cause are not directly indicated by 
the usual gas analysis. Kreisinger® by means of special apparatus 
found the following conditions in flue gases from oil-burning marine 
boilers. 


CO: O: co Soot Loss of C Loss of Heat 
(% (%) (%) (gm. per cu. ft.) % carboninfuel % of heat in oil 
11.6 5.0 0. 0.175 9.5 6.3 
12.4 3.9 0.0 0.123 6.5 4.4 
12.3 4.5 0.0 0.237 11.9 8.0 
14.2 2.0 0.1 0.076 3.6 2.4 
14.5 isa 0.2 0.172 7.5 5.0 


1W. E. Rice and R. A. Sherman, loc. cit. 

2 J. F. Barkley, ‘Experience with the Combustion of Fuel Oil in Power Plant 
Boilers,” Bur. Mines, Rept. of Invest., Serial No. 2730, Feb., 1926. 

* Henry Kreisinger, et al., ‘“Test of Marine Boilers,’’ Bur. Mines, Bull., No. 214, 
pp. 67, 285-86 (1924). 
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The heat delivered to the ware is the measure of the 
efficiency of a kiln. Until recently we had no way of 
determining this, but the work done by A. Ernest 
MacGee on the interval specific heat of a ceramic material has solved 
this problem. MacGee’s work will be taken up again under the head of 
‘Specific Heat.’ The method of calculating the heat used in firing 
the ware can best be shown by an example. 

Given: a clay whose interval specific heat between 50°C and 1100°C 
is 0.42, determined on the air-dry sample which contains 8% total 
volatile matter, chiefly hygroscopic and chemically combined water, 
and which on the fired ware has an interval specific heat of 0.26 for the 
interval 1100 to 50°C, and 0.25 for the interval 400 to 50°C. Con- 
sider two cases: (1) a periodic kiln fired to 1100°C with the ware with- 
drawn at 50°C, and (2) a continuous kiln in which the ware is with- 
drawn from the kiln at 400°C. 


(5) Heat Used 
in Firing Ware 


Case I. Periodic kiln; a 1000-gram air-dry sample 
(t°s (Sware) W =H 
(1100°—50°) (0.42) (1000) =441 kgm calories 
Total Heat Used In the same way, the heat stored in the fired ware 
in Firing Ware at the maximum temperature would be: 
(1100°—50°) (0.26) (.92) (1000) =226 kgm cal. 
Then 441 —226=215 kgm cal. irrecoverable heat 
The final distribution of the heat used in firing is: 
Irrecoverable heat =215 kgm 
Recoverable heat stored in ware=226kgm 
Case II. Continuous kiln 

The total and irrecoverable heats are the same as Case I. The heat stored in the ware 
and lost when the ware is withdrawn: 

(400° —50°) (0.25) (.92) (1000) =81 kgm calories 

This leaves 226—81=145 kgm cal. available for preheating the oncoming air if the 
kiln is really continuous. It is a sort of a “‘revolving fund” of heat, and shows one reason 
why the “‘regenerative principle’”’ is so efficient. 

It is to be noted that the irrecoverable heat of firing includes the heat 
used in driving off the water. This may be calculated as a separate item 
whose value would then be subtracted from the irrecoverable heat. 
This can be done in the case of a continuous kiln where the flue-gas 
temperature is more constant than in a periodic kiln with a rising 


temperature. 


(6) Radiation 
and Convection 


By applying the Stefan-Boltzmann formula for radia- 
tion and the Lorenz formula for convection, the heat 
losses due to these two causes can be calculated. 
The details of applying these formulas, and the theory on which they 
are based are taken up later. The heat losses due to radiation and con- 
vection for the following parts of the kiln are determined: (a) walls, 


1 See p. 878, 
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(6) crown, (c) wickets, and (d) conducted into the foundation and 
ground (not taken up in this study). 
(a) Losses which may be determined for a par- 
(7) All Other Loesss ticular kiln, such as the heat lost from the bottom 
of the kiln to flue, and (6) unaccounted-for losses obtained by difference. 
The heat available in the beginning is calculated in the usual way, 
the amount of fuel and its calorific value being known. With each 
item expressed as a percentage of the total heat furnished by the fuel 
the final heat-balance is tabulated. In some rare cases, the credit 
side of our heat-balance sheet might include some additional source 
of heat, such as preheated air. 


0/4 


Kiln Efficiency 


The heat necessary to heat 
any clay product to its matur- 
ing temperature can be calcu- 
lated if we know its interval 
specific heat. If the actual 
amount of heat used, that is, 
the total calorific value of fuel we 700 200 300 2 

Degrees C. 

consumed in a particular case 

is known, the efficiency is the 
ratio of the heat used to the 
heat required. Downdraft kilns that were formerly considered to be 
only 22% efficient have been found to be really 35% thermally efficient 
when the heat required to fire the ware is based on the latest interval 
specific heat value. 


9 


Gram Calories per Second 
per Square Centimeter 
aD 


Fic. 3.—Radiation from “black body” at 
15°C. 


The Analysis and Measurement of Flue Gases 


The chief -object of determining the compo- 
sition of the flue gases is to furnish part of 
the data used in calculating the amount of heat carried away by 
them. It also furnishes the means for calculating the total air required, 
the excess air, and the heat lost by incomplete combustion. The 
Orsat apparatus or some modification of it is generally used for deter- 
mining the composition of the flue gases, the resulting analysis being 
on a percentage volume basis. The gases determined are dry carbon 
dioxide, oxygen, and carbon monoxide. The analysis is actually made 
over water but all measurements are taken at the same temperature, 
and therefore with the same partial pressure of water-vapor in the 
gas. The amount of nitrogen is found by difference. 

It would seem possible to determine the amount of flue gases by 
using the general formula Q= Kav, where K is a coefficient depending 


The Orsat Apparatus 
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on the friction loss for the particular flue, a is the cross-sectional 
area of the flue, and v is the velocity of the flue gases. In one case 
for example, the Bureau of Mines actually used the Pitot tube for 
the direct measurement of the velocity of the gases flowing through 
different parts of a marine boiler,'! but the relatively low velocities 
encountered limits the value of the Pitot tube in measuring gas velocity. 
For example, the velocity head of 
air flowing at 10 feet per second at 
20°C is only 0.0224 inches of water.’ 
7 The use of the flue-gas analysis is 
much more dependable, and by 
means of calculations based on the 


To stack or drier gas analysis valuable additional in- 
Fic. 4.—Round downdraft periodic formation can be found that can 
kiln fired with wood. not be found otherwise. 


In most cases the oxygen in the 
flue gas is the residual oxygen from the original air furnished to the 
kiln, and is therefore the measure of the excess air. The nitrogen 
(except for a very small amount which may come from the fuel) is 
the measure of the total air used, since no nitrogen is lost by com- 
bustion. The separate use of these two gases has very aptly been 
called the “oxygen balance” and the ‘‘nitrogen balance,’ respectively. 

In the commercial analysis of flue gas, part of the sulphur dioxide 
is absorbed by the water in the sampling apparatus, while some of 
it goes into the CO, 
pipette. Furthermore, 
all of the sulphur does 
not burn to sulphur 
dioxide and a consider- 
able part remains in the 
ash. It is difficult to 
determine the exact dis- 
tribution, but since the 
volume of sulphur gases 
is ordinarily very small 
it is common practice 
to disregard it entirely.’ 

In 1868, Schléssing and Rolland devised an apparatus for the rapid 


Fic. 5.—Time-temperature curve round D.D. kiln 


1Henry Kreisinger, et. al., loc. cit. 

2 William H. Walker, Warren K. Lewis, and William H. McAdams, Principles of 
Chemical Engineering, McGraw-Hill Co., New York, 1923. 

5 G. F. Gebhardt, Steam Power Plant Engineering. John Wiley and Sons, New York, 
1925. 
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and convenient determination of the carbon dioxide in commercial 
grades of sodium carbonate. In 1878, Orsat patented his apparatus 
which was based on the principle of Schléssing and Rolland’s device, 
but was more convenient. This apparatus of Orsat rapidly came 
into use and because of its compactness and ease of manipulation 
is still very generally used by gas analysts. In its original form it 
had a number of defects, chiefly in the design of the absorption pipettes, 
but later improvements have largely overcome these defects. 

The use of the Orsat is limited to cases where combustion is nearly 
complete, leaving no 


unburnt gases except 

a small portion of car- if 
bon monoxide. For- 
tunately this is the 
common case. The use 
of the Orsat is described 
in a number of Bureau 
of Mines publications,! 
and the manuals of 
Parr? and White*® are 
useful not only for gas 
analysis but for an understanding of fuel analysis which the student 
of heat-balances should have. The chief things for an Orsat operator 
to remember are that this apparatus must be gas tight and that its 
operation takes time and care. It has been said that the gas analyst 
“dreams about leaks.” 


Methods of Using and Checking Flue-Gas Data 


Air contains 79.09% nitrogen by volume, and since one unit volume 
of oxygen forms one unit volume of carbon dioxide in the burning of 
carbon, the actual percentage of nitrogen would remain the same 
(79.09%) if combustion is perfect. 

C+0,=CO, 


Fic. 6.—Brown electric CO, meter. 


Any carbon burnt to carbon monoxide, however, forms two volumes of 
carbon monoxide for each volume of oxygen. 

2C+0,=2CO 
Hence, if pure carbon is the fuel, the sum of the percentages of carbon 
dioxide, oxygen, and one-half of the carbon monoxide must be in 


1 A.C. Fieldner, G. W. Jones, and W.F.Holbrook, ‘“Orsat Apparatus for Gas Analy- 
sis,” Bur. of Mines, Bull., No. 320, 1925. 
2S. W. Parr, Analysis of Fuel, Gas, Water, and Lubricants. McGraw Hill Co., New 
York, 1926. 
’ Alfred H. White, Technical Gas and Fuel Analysis. McGraw Hill Co., 1926. 
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the same ratio as the oxygen in the air is to the nitrogen, namely as 

20.9 is to 79.09. This is a convenient check on a flue-gas analysis if the 

combustible is principally carbon. For example, a flue-gas analysis: 
CO, 9.5, CO 10.2, O2 5.2, Nz 75.1 

is correct because: 


+5.2+—- :75.1=20.91:79.09 


In burning coal, hydrogen is small in amount, but in the case of 
fuel oil and other fuels it can not be neglected. The sum of COs, 
O., and CO in the case of fuel oil is often as low as 16%.' 

The simplest check on the gas analysis is to compare the theoretic 
air calculated from the analysis of the fuel with the theoretic air 
calculated from the Orsat analysis. If the two substantially agree 
the Orsat analysis may be assumed to be correct. By equating the 
two expressions for theoretic air, one from the fuel analysis and the 
other from the flue-gas analysis, there results a definite relationship 
between the quantities COs, Oz, and CO for each fuel. Lockwood* 
formulates this algebraic relationship as follows: 

CO.+m0.+nCO =k 

Where m, n, and k are constants depending on the fuel. 


CONSTANTS FOR ORSAT ANALYSIS CHECK FORMULA 
k 


Fuel m n 
Semibituminous coal 0.91 0.645 18.7 
Bituminous coal 0.88 0.652 18.4 
Gasoline 0.70 0.71 14.5 


The following are the fundamental formulas used in the calculation 
of flue gas: 
Formulas using fuel analysis* 


(1) Air required per kilo of fuel =11.52C +34.56 (1-9) +4 .32S8 


(2) Oxygen per kilo of fuel =2.66C +8 +S 


Formulas using flue-gas analysis 
(3) Air used per kilo of carbon =3 .03N:+(CO,+CO) [Dr. D. S. Jacobs* 
11CO,;+80.+7(N2+CO) [R. S. Hale? 
3(CO;+C0) 


(5) Ratio of air used to air required for complete combustion 


* 
N:—3.78 (0.-2) 


(4) Dry flue gas per kilo of carbon = 


1 Robert Sibley and C. H. Delaney, Elements of Fuel Oil and Steam Engineering. 
McGraw Hill Co., New York, 1924. 

* E. H. Lockwood, ‘‘Recent Dévelopments in Flue Gas Analysis,’ Power, 58, 461 
(1923). 

2 R. S. Hale, “Flue Gas Analysis,’ Trans. A.S.M.E., 18, 901 (1897). 
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These formulas are examples of ingenious reasoning because they 
take into account the amount of air required for the hydrogen as well as 
the carbon. Since the preceding formulas require an ultimate analysis 
in order that the amount of carbon in the fuel may be known, Lock- 
wood! has developed a number of formulas using the combustible 
instead of carbon. The combustible, that is the carbon plus the volatile 
(hydrocarbon) can be obtained from the proximate analysis which is 
generally available. Lockwood’s and most other combustion formulas 
are limited to the following conditions which are fortunately the 
conditions generally found for most solid and liquid fuels: (a) nitrogen 
in fuel is negligible, (b) sulphur in fuel is negligible, and (c) hydrogen 
is so-called free hydrogen 

The following are a few of the formulas given by Lortkwood:! 


(6) Weight of air per kilo of combustible 
18.3Ne 
0.525N2+5CO+4CO,— 20, 
(7) Dry flue gas per kilo of combustible 
0.525N2+5CO+4CO2—202 
(8) Theoretic air per kilo of combustible 


_18.3N2+34.8CO2—69 .602_ 
0.525N2+5CO +4CO, — 20; 


The following formulas of Bato? are useful in checking flue-gas 
analyses. The first formula is used to determine the maximum amount 
of CO, from the ultimate analysis of the fuel. It gives the per cent by 
volume of CO2 when combustion is complete, and there is no excess air. 


8.86 
(9) CO, (max.) = ‘a 
+0.375) 
Where H =hydrogen 
C =carbon 
=oxygen 
S=sulphur 


from the flue-gas analysis, when combustion is complete but excess air 


is used. 
21k 
(10) CC 2 (max.) 


Where k =per cent CO, in Orsat analysis. 
1 E. H. Lockwood, “A New Interpretation of Exhaust Gas Analysis,” Jour. Soc. 


Aut. Eng., 12 [12], 299, (1923). 
* A. A. Bato, “Flue Gas Computation,” Mech. Eng., 48, 330 (1926). 
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When combustion of hydrogen is complete, but CO is found in flue 
gas as unburned combustible gas. 


(11) 
CO, (max.) = +Km) 
21—O02+0.395 km 


Where K,,,=per cent CO in Orsat analysis 


The Analysis of Flue Gas by the Thermal! Conductivity Method 


In addition to the ordinary Orsat apparatus, the Ceramic Engineering 
Department of the University of Washington hasa Brown electric CO, 
meter by means of which the COs, in the flue gases of a kiln may be 
measured and recorded continually and automatically. Although the 
ability of gases to conduct heat is very much less than either solids or 
liquids, this property is possessed to a considerable extent by different 
gases, and the following excerpt from the Bureau of Standards, Tech- 
nologic Paper,' No. 249, explains how this property is used to analyze 
gases. 

All successful gas-analysis methods so far developed, which depend upon thermal 
conductivity, are based on the following principles: Let us assume a wire to be sur- 
rounded by a gas which is contained in a chamber, the walls of which are maintained 
at a constant temperature. When connected toa 
source of constant electromotive force, the tem- 
perature of the wire rises until a state of equi- 
librium is reached. in which the continual dis- 
sipation of thermal energy is equal to the 
electrical energy supplied to the wire. By care- 
4 fully arranging the conditions, all loss of heat, 
O — except by conduction through the gas surround- 

d ing the wire, can be reduced to a small proportion 


/T | of the whole. Under such conditions, it is evident 

y that the equilibrium temperature attained by the 

A lan wire will depend mainly upon the ability of the 
=< gas which surrounds the wire to conduct heat, 

CROSS SECTION L_1 °°" being lower when the gas has a high conductivity, 

Fic. 7.—Hoffman kiln No. 1. and higher when the gas has a low conductivity. 

If the wire used has a high temperature coefficient 

of electrical resistance, this resistance will have a value corresponding to the thermal con- 
ductivity, and therefore, to the composition of the surrounding gas. By a comparison of 
the resistance of two such wires, surrounded respectively by a reference gas and a mixture 
of two gases of which the qualitative composition is known, the quantitative composition 
of the mixture can be rapidly and accurately determined after empirical calibration 


Direction of fire | 33 
33 


¥ Ab 


has been made. 


It is possible to calibrate the apparatus in terms of CO, because 
CO, differs about 40% in thermal conductivity from air, while the other 
constituents of flue gases, carbon monoxide, methane, oxygen, and 


1P. E. Palmer and E. R. Weaver, ‘“‘Thermal Conductivity Method for the Analysis 
of Gases,” Bur. Stand., Tech. Paper, No. 249 (1924). 


. 
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nitrogen, have substantially the same thermal conductivity as air. A 
form of the Wheatstone bridge is used to make the comparison, and the 
Brown electric CO, apparatus records the percentage of CO. continu- 
ously on an electrically operated recorder. 


The Measurement of Temperature 


The measurement of high temperature is a quite recent development, 
although the science of low-temperature thermometry dates back 
to Galileo (1592) and before. The substances which best meet the 
requirements of a standard thermometer are the so-called permanent 
gases: hydrogen, helium, and nitrogen which approach the perfect-gas 
laws in their behavior. The international temperature scale is based 
on the constant-volume, hydrogen thermometer. For high tem- 
peratures, up to 1000°C, nitrogen is used as it does not diffuse through 
platinum or quartz glass. On account of their size, weight, cost, and 
difficult use, there are 
few gas thermometers 
in existence, and these | 
few, notably at Sévres, a 800} 
Berlin, Kew, and the 4 | 
Geophysical Laboratory 
at Washington are used 
in determining the melt- 
ing points of reference 
substances which in 


AIRING HOLE CAPS OFF 
UP To THis Point 


DRAWING FACE 
SETTING FACE 


OF KILN 


0 10 2 30 40 50 60 70 80 9 


turn are used in cali- Firing Holes 


brating pyrometers. Fic. 8.—Temperature-gradient curve, Hoffman 
Newton's iron-bar _ kiln No. 1, test No. 1. 
which lengthened on 
being heated (1701), and Wedgwood’s ceramic block which shrunk 
different amounts depending on the degree of firing (1782) were early 
attempts to measure high temperatures. Seebeck, in 1821, discovered 
that if in a closed circuit of two metals, such as copper and iron, the 
junction is heated, an electric current is generated which varies with the 
temperature. Antoine Becquerel, in 1830, suggested the use of this 
principle in measuring high temperatures but the first attempts were 
failures. In 1863, Edward Becquerel designed a successful platinum- 
palladium couple, and since then through the work of Tait, Le Chatelier, 
Holbrun and Day, and others, the thermocouple has been established 
as an accurate instrument for temperature measurement.! 
Optical pyrometers of several designs which are founded on the 


1 J. K. Clement, ‘The Measurement of High Temperatures,”’ Trans. Amer, Ceram. 
Soc., 11, 455 (1909). 


| | 


874 BAUMANN, JR. 


applications of the radiation laws are available for high temperatures 
beyond the range of the thermocouple. They are useful in many ways, 
are very accurate, and convenient to handle. 

The symposium on pyrometry published by the American Institute 
of Mining and Metallurgy in 1920,' and Technologic Paper, No. 170 
of the Bureau of Standards’ are to be recommended to any one in- 
terested in the measurement of high temperatures. 

The instruments used for measuring temperature in this study were: 
(1) five base-metal thermocouples with Hoskin’s indicator; (2) two 
platinum-iridium thermocouples with Brown indicator;'(3) Leeds and 
Northrup optical pyrometer, and (4) mercury thermometers for low 
temperature such as wickets, walls, etc.; in some cases also the pyro- 
metric equipment of the plant visited. 


Heat Lost by Radiation and Convection 


It has long been recognized that heat is transferred in three ways, 
namely, radiation, convection, and conduction, and that radiation 
and convection are the chief means in the case of a surface in contact 
with the air, and the amount of heat leaving these surfaces by radiation 

and convection is often 


1000 
800 heat-balance _calcula- 
V Se tions of a steam-boiler, 
Se losses of this kind are 
mi 
D400 small, generally not 
a) 2 +z more than from 3 to 5% 
= 
mae a Ts of the heat used, and 
they are calculated by 


Firing Holes 4 : 
unaccounted-for heat is 
called radiation loss. 
This same method was 
followed in the first heat-balance studies of ceramic kilns, although it 
was recognized that the heat loss from this source is much greater in 
the case of a kiln than in lower-temperature apparatus like boilers. 
Dulong and Petit were the first to develop formulas for calculating 
radiation and convection, and E. Peclet,? basing his work on the 


Fic. 9.—Temperature-gradient curve, Hoffman 
kiln No. 1, test No. 2. 


1 Pyrometry. Symposium, A.I.M.E. Chicago Meeting, Sept., 1919. Pub. by 
A.I.M.E., New York, 1920. 

* Paul D. Foote, C. O. Fairchild, and T. R. Harrison, ‘‘Pyrometric Practice,” Bur. 
Stand., Tech. Paper, No. 170 (1921). 

* E. Peclet, Traite de Chaleur, 3rd ed. Paris, 1860. English translation found in 
Practical Laws and Data on the Condensation of Steam in Covered and Bare Pipes. 
C. P. Paulding. Van Nostrand Co., New York, 1904. 
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empirical formulas of Dulong and Petit, carried out the most thorough 
and elaborate experiments on the heat losses from surfaces and deter- 
mined numerical values for the constants of these formulas. Peclet’s 
work is chiefly interesting to us because Harrop' made use of it in his 
calculation of the heat-balance of a tunnel kiln. 

Stefan in 1879, from experimental data, made the discovery that the 
heat radiating from a heated body to a cooler body varied as the 
fourth powers of the absolute temperatures of the two surfaces, and 
Boltzmann, a few years later demonstrated the law mathematically by 
means of the principle of thermodynamics, and showed that it applied 
strictly only to an ideal “‘black body,” that is, a surface which absorbs 
and radiates heat perfectly. The Stefan-Boltzmann law is formulated 
as follows: 

H=EC(T#—T;') 

Where H=heat radiated 
E=emissivity constant 
C=coefficient of total radiation 
T:=absolute temp. of radiating surface 
T; =absolute temp. of surroundings 


“C” according to Coblentz,? equals 5.7 x (10)~" watts per sq. cm., 
=(1.36X(10)-"gm. cal per sec. per sq. cm.). 


1 4 
—12 +3)\—4 — 
Since (10) (10*?) | 


The Stefan-Boltzmann formula may be written 


(1) 1.36E! | ~ \ 


E, the emissivity constant varies from 1 to 0, depending on the sur- 
face, being 1 only in the case of the theoretical ‘“‘black body,” but ap- 
proaching 1 by sooted surfaces, and being high for brick and rough 
oxidized surfaces. The following table from Langmuir*® shows how 
it varies. 


Emissivity 
Black body 1.00 Cast iron, bright 22 
Copper oxidized oxidized 62 
Silver .03 Aluminum paint 50 


Rice and Sherman‘ were the first to apply the Stefan-Boltzman 
formula to heat-balance conditions. 


1 C. B. Harrop, “Heat-balance of a Continuous Tunnel Kiln’’, Joc. cit. 

2'W. W. Coblentz, “Constants of Spectral Radiation of a Uniformly Heated In- 
closure or So-called Black Body, II,” Bur. Stand., Sci. Paper, No. 284. 

3 Irving Langmuir, ‘‘Convection and Radiation of Heat,’’ Trans. Amer. Elec. Chem. 
Soc., 23, 299 (1913). 

*W. E. Rice and R. A. Sherman, /oc. cit. 
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Convection 

Various formulas have been devised for free convection, all of 
which give values which agree fairly well at low temperatures. Free 
convection does not depend upon the optical condition of the surface, 
but is the same for a reflecting surface as for a black surface if they are 
otherwise identical.! The following formula, called Lorenz’s law, quoted 
by Langmuir, was used by the writer: 

(2) 0.0000485 (t—t,) 4 gram calories per sq. cm. per second 

According to Langmuir, the free convection from the upper surface 
of a horizontal plane is 10% greater than that from a vertical surface, 
while from the lower surface it is 50% less than from vertical surfaces. 
Forced convection is the convection loss due to wind, air-currents, etc., 
and is as yet little understood. 


Conductivity 
Considerable work has been done on the thermal conductivity of 
solids by Hering, Richards, Langmuir, Stansfield, Northrup, Hartmann, 
Westmont, and others. The heat which is lost by radiation and con- 
vection is, of course, transferred from the kiln interior to the surface 
by conduction but thermal 


] conductivity measurements 
| e's | are difficult for various rea- 
| sons: (1) in: producing flow 
V | Oe | of heat we vary, more or less, 
wi ° 
ia | Sg the quantity we wish to 
|} measure, (2) slowness in 
«| which equilibrium is attained, 
<4 
2 e| (3) difficulty of thermal insu- 
| lation, (4) the shape factor, 
0 and (5) surface film resistance 


0 10 20 30 40 50 60 70 


Firing Holes factor, (little understood as 


yet). 

We therefore used formu- 
las (1) and (2) in this work, 
although future development may make the thermal conductivity 
method applicable. Formulas (1) and (2) require constant temperature, 
so in order to apply them to a periodic kiln, it is necessary to take the 
surface temperatures at short intervals and sum up these intervals 
to get the whole loss. In order to minimize the calculation the curves 
of Fig. 3 were plotted. 


1J. T. Littleton, Jr., ‘“‘The Relative Magnitudes of Radiation and Convection in a 
Muffle Kiln,” Jour. Amer. Ceram. Soc., 6, [7], 771 (1923). 

2 Edwin F. Northrup, ‘‘Some Aspects of Heat Flow,” Trans. Amer. Elec. Chem. Soc., 
24, 85 (1913). 


Fic. 10.—Temperature-gradient curve, Hoff- 
man kiln No. 2. 
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The Heat Capacity of Different Substances 


Under different conditions of temperature, pressure, and volume this 
specific heat will vary so that we may have an infinite number of values. 


When a given quantity of a gas is heated, a definite amount of 
heat absorbed will raise its temperature some fixed number of 
degrees. The ratio of the heat absorbed to the rise in temperature 
taken for a unit mass of the gas is called specific heat.' 


The Specific Heat 
of Gases 


The specific heats of gases are determined, however, either under 
conditions of constant volume, C, or constant pressure, C,, the pressure, 
being generally standard atmospheric pressure. The latter value is 
used in engineering practice. When the molecular weight of the gas 
is taken as the unit of weight, the corresponding molecular heats are 
obtained, for example C,= MC,, where M is the molecular weight of 
the gas, M for oxygen being 16. 

The basis of calculation of specific heat values is essentially the 
unit of heat. The most common unit is the gram calory. In fact, the 
popular definition of specific heat is that it is the amount of heat 
expressed in thermal units required to raise a unit weight of substance 
through one degree of temperature, the scientific units being the gram 
and degree Centigrade. 

The importance of having correct values for the specific heat of 
gases is shown by the following quotation: 


In furnace operation the importance of the heat capacity of air, fuel gas, and chimney 
gas involved is often not realized. For example, by selecting at random from uncriticized 
results for the value of specific heats of blast furnace gas, an error equivalent to 436 tons 
of coal per annum may be involved in drawing up the heat-balance sheet of a single 
furnace. 


In 1912, Lewis and Randall? summarized the specific heats of 
gases, and in 1923 revised some of their formulas. The following 
empirical formulas embody their data in terms of molecular heat. 

For monatomic gases: C,=5.0 
For He: Cp=6.50+0.0009T 
For O2, COQ, HCl, HBr, HI: C,=6.50+0.0010T 
For H.O, H2S: C,=8.81—0.00197 +0 .000002227° 
For CO:, C,=7.0+0.0071T —0.000001867° 

The curves of Fig. 1 are based on the above formulas, and the curves 

of Fig. 2 give the mean molal specific heats of COz, H2S, H2O, Oo, No, 


1 J. R. Partington and W. G. Shilling, The Specific Heats of Gases, D. Van Nostrand 
& Co., New York, 1924. 

* Gilbert N. Lewis and Merle Randall, ‘“‘A Summary of the Specific Heats of Gases,” 
contribution from the Research Laboratory of Physical Chemistry of the Mass. Inst. 
Tech. No. 190, Jour. Amer. Chem. Soc., 34, 1128 (1912); G. N. Lewis and Merle Ran- 
dall, Thermodynamics and the Free Energy of Chemical Substances, McGraw Hill Co., 
1923. 
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CO. It is necessary to distinguish between instantaneous and mean 
specific heat. The instantaneous specific heat of a substance is the 
amount of heat that must be added to a unit weight at a definite 
temperature to increase such temperature one degree, under given 
conditions of pressure and volume. The mean specific heat of a sub- 
stance, over a given temperature range, is the value by which such 
range must be multiplied to determine the amount of heat necessary to 
raise a unit weight of the substance through the range under the con- 
ditions of pressure and volume which exist. The mean specific heat 
of gases is the value used in the computation of combustion data. 


The Specific Heat of Solids 

A study of the formulas and methods used in finding the heat used 
in firing ceramic bodies, and in calculating the heat stored in solids 
and liquids of all kinds, indicates the great importance of specific heat 
data. In the case of fired clay products and of numerous other sub- 
stances the thermal effects on heating are reversed on cooling, so that 
the specific heat determined by the method of mixtures is available. 
We have many dependable 


pam specific heat values for fire 
| brick,. quartz, etc., at different 

t } temperatures, though there is 
ey room for many more data even 
2 jj Ss 8 here especially on brick and 
400 other ware made from the 

3 When we consider the firing 
0 : 3 of raw ceramic bodies, many 


4) /0 20 30 40 50 60 
Firing Holes 


thermal changes take place 
which are not reversed, such as 
the driving off of uncombined 
water and chemically combined 
water, oxidization of carbonaceous matter, and other chemical changes 
such as decomposition of carbonates, etc. Therefore, a different 
method is necessary to determine the heat capacity of such substances. 
MacGee? recently developed a differential thermal method for deter- 
mining the interval specific heat used in. firing ceramic bodies. By 
interval specific heat is meant the number of calories per degree which 
must be added from some external source in order to raise the tem- 
perature of one gram of material from 0 to ¢°C. MacGee has deter- 
mined the interval specific heat of a number of ceramic materials 


Fic. 11—Temperature-gradient curve, 
Hoffman kiln No. 3. 


1 R. F. Bacon and W. A. Hamar, loc. cit. 
? A. E. MacGee, ‘‘The Heat Required to Fire Ceramic Bodies,” Joc. cit. 
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especially fire clays, feldspars, china clay, and ball clays. It is hoped 
that this method will be applied to all ceramic materials so that we shall 
have complete data on their interval specific heats. In this study, 
MacGee’s values will be used in determining the heat used in firing 
clay products. 


II. The Heat-Balance of a 30-foot Round Downdraft 
Face-brick Kiln in Seattle 


Figure 4 is a sketch showing the dimensions and 
principal features of this round downdraft kiln. It is 
provided with 10 dead-bottom fire boxes designed for 
burning wood. A flash-wall, 65 inches high, extends around the interior, 
14 inches from the wall except at the door-ways. The underfloor flues 
lead to a 7-head collecting flue which is connected to the main flue. 
The main flue 10 feet from the outside wall of the kiln is divided by a 
wye into two flues one of which leads to a 40-foot stack, while the other 
connects with a tunnel flue for the waste-heat drier. The stack is 
generally used only for watersmoking, but dwring this particular firing 
all the flue gas was carried up the stack. 

The kiln was set with 3108 pieces of various sizes of building tile and 
42,800 red face b.ick. The building tile was three benches high, while 
the face brick were placed on top of the tile. This ware was all manu- 
factured from typical Puget Sound glacial clay mined at the brick yard. 
The progress and completion of the firing are judged by the “‘settle”’ 
measured from seven places in the crown, one of which is the center. 
The temperatures of the top and bottom are registered on a Thwing 
recording pyrometer. 

The length of the firing was 110 hours, which is longer than usual 
for this kiln, because the wood used for fuel was wetter than normal. 
Most of the salt-water Douglas-fir slab wood used comes directly from 
the mill, where the logs from which the slabs were cut are drawn directly 
from the salt water of Puget Sound into the mill. The firebox doors 
were not closed until after the 56th hour. The usual practice is to open 
the drier-flue damper after the second day, and to force the flue gases 
directly into the progressive drier tunnels by a fan. There are five 
30-foot round downdraft kilns including the one studied, and as one or 
more is always under fire there is an abundance of heat for the drier. 
A Brown electric CO, meter was made into a 
portable apparatus for transportation to differ- 
ent plants. The recording meter together with 
its accessories, the storage battery and charger, 
were housed in a case as one unit, and the gas-cell and its accessories 
of piping and the aspirator formed another unit. This arrangement 


Description and 
Operation 


Set-up of Apparatus 
and Method of 
Collecting Data 
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worked very well, all connections were reduced to a minimum and the 
time of setting-up and dismantling the whole apparatus was rapid. 
A special five-wire cable and plug simplified the connection of the 
recorder with the gas-cell. 

The flue-gas sampler was placed at the center of 
Til) 4 the wye that connects the kiln flue with the stack- 
fyi!) and drier-flues. The gases could therefore be sampled 
whether they entered either flue. A Hoskins thermo- 
couple was placed beside the sampler. The top 
temperatures were taken through the seven holes 


—- 
= 


| 
‘esaht in the crown used for measuring the settle. The 
Y |] HTT bottom temperatures were taken through holes in 
the bottom of each door. The wet- and dry-bulb 
I for} temperatures were taken with a Tycos hygrodeik. 
~ teu The wood was sampled by saw-cuts, the sawdust 
wit ir HII) | being placed in a sealed jar immediately after sam- 
wit HU iil pling. At different times, measured quantities of 
HLTH] Wood were weighed. The total amount of wood was 
nT TR | obtained by measurement and the weight of the 
27% Ware from setting records. 
brett HHH The Brown CO; recorder gave a continuous record, 
234567 but was checked frequently by the Orsat apparatus. 
Percent It was no easy matter to correlate the two samples 
of CO, as the Brown CO, meter was very sensitive to every 


= change of the flue-gas composition. By taking an 
tric CO, meter rec. Orsat sample just before the kiln was fired, it was 
ord. R.D.D. kiln. possible to check the two quite closely for at this 
Watersmoking. point the flue-gas composition remains more nearly 
constant. The percentage of oxygen was also found 
with the Orsat, and carbon monoxide tested for, but none was found. 
The most obvious characteristic of the CO» record 
of the Electric made by the Brown electric CO» recorder is the 
CO. Record great amount of fluctuation of the percentage of 
CO., showing that Orsat analyses must be made 
continuously to be of value. In the case of a hand-fired kiln, the time 
of firing is clearly indicated by the curve formed by the record. A high 
point (7.e., high in CO.) shows the end of a period of firing, while a low 
point indicates a period before firing. Each kind of kiln seems to have 
characteristic CO, percentage curves of its own, and any particular 
type of kiln, especially the periodic kilns, have characteristic curves at 
different stages of the firing. Not only that, but these last-mentioned 
curves will vary when conditions of firing vary; for example, when the 
character of the fuel changes. 


The Interpretation 


| 
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Figure 12 is the CO curve during the early part of the watersmoking 
period of the round downdraft facebrick kiln. It is very irregular on 
account of the cold stack, the water vapor, cold fire boxes, and large 
excess air. During the heating-up and oxidizing stage, Fig. 13, the CO, 
percentage curve becomes more regular, the curve ascending rapidly 
on firing (every 30 to 40 minutes) and descending slowly on firing. 
There was less excess air as the firebox doors had been closed. During 
the soaking period (Fig. 14) the percentage of CO, varied between 
greater extremes, due to the rapid rate at which the wood burned. 
Figure 15 shows a condition caused by wet wood. In order to burn this 
wood it was necessary to keep the fire boxes full, so that at each burning 
the boxes still contained a large amount of fuel. This condition resulted 
in a very small fluctuation of the percentage of COx, gyn 


but a constant fluctuation within that range. It was 9 Ht 

not an efficient condition because a large excess of air = ULI 

was necessary, and much of the heat generated was = (hunt 


used to dry out the wood itself. 4 meu 
Wood as Fuel Wood was the first fuel used for Sian ! ! 
ceramic purposes. In eastern Wash- 
ington pine wood is still used for firing common brick, mi 
in central California live oak was an early ceramic = Sea sc 
fuel, while in western Washington Douglas-fir eaten i 
slab-wood is used in a number of clay plants. Doug- atti 


las-fir slab-wood is a by-product of the lumbering 
industry. It is cheap fuel except that the expense of 
handling and drying adds to its cost. As a fuel for 
fiiing face brick in round downdraft periodic kilns 


9 10 12 13 1415 16 17 18 19 2021 
Percent of CO, 


Fig. 13.—Elec- 
tric CO, meter rec- 
ord. R.D.D. kiln. 


. Heati 
fir has several advantages. Face brick fired with eating up 


salt-water wood have colors which are very desirable. Most of the 
brick are dark red, but there are in every kiln a quantity of brick 
ranging in color from greenish-yellow to black, all of which are in 
demand in the Seattle market. After watersmoking the flue gases are 
generally free of soot, entirely free of sulphur gases, and can be used 
directly in a waste-heat system of drying. 

Practically the only combustible in wood is carbon, for even in 
coniferous woods the amount of hydrocarbons is small. On the ash- 
free, moisture-free basis the ultimate analysis of all wood is very nearly 
* alike, and the fuel value of the same weight of different woods when 
perfectly dry is nearly the same, 7.e., a pound of hickory is worth no 
more for fuel than a pound of fir.! It is important that wood be dry, 
since each 10% of water will detract about 12% from its value as fuel.! 


1 William Kent, Mechanical Engineers Handbook, p. 835, John Wiley & Sons, 1916. 
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Perfectly dry wood contains about 50% carbon, the remainder being 
principally oxygen and hydrogen in the proportions to form water so 
that only the carbon is available as fuel and even some of this is needed 
to drive off the water. 

The time-temperature data for this kiln are given 
Data Collected . P 
in Fig. 5. 
Time of firing—110 hrs. 
Weight of fuel—1600 kgm per cord 
Moisture in fuel—42 .0% 


Wood burned—41.5 cords 
Weight of fuel burned—66,400 kgm equal to 38,500 kgm dry wood 


97 ,300 kgm red face-brick 
23,020 “ building tile 


120,320 “ fired ware 128,800 kgm before firing 
Analysis of moisture-free wood 105° Centigrade-0% humidity 
Carbon 49.8 
Hydrogen 6.0 
Oxygen 41.4 
Nitrogen 
Ash 


Fuel value 5021 calories per kgm of dry wood 


Fue, Data BY Days (24 hours) 


Day Cords Weight Heat Value 
Wet Dry kgm cal. 
Ist 8 12,800 7424 37,270,000 
2nd 14,400 8352 41,930,000 
3rd 9.5 15,200 8816 44 , 260 ,000 
4th 9.5 15,200 8816 260,000 
5th (14 hours) 5.5 8,800 5104 25 ,620 ,000 
38,512 193 ,340,000 
AVERAGE Dry FLUE GASES 

Day CO: O: co N: 
1st 3.9 16.9 0.0 79.2 
2nd 13.0 0.0 79.3 
3rd 10.3 10.3 0.0 79.4 
4th 13.5 | 0.0 79.4 
5th 10.8 9.8 0.0 79.4 


(Last 14 hours) 


. The interval specific heat of the clay from which 
The Efficiency 
: this ware was made has not been determined but 
of the Kiln 
by comparison with other clays it is probably very 
near 0.40 for the interval between 0°C and 1000°C.! Using this value 
the theoretical heat required to fire this ware would be as follows: 


128,800 x 1052.5 X 0.40 = 54,224,000 Cal. 


The weight of the dry unfired ware was 128,000 kgm and it was 
fired to 1073.5°C at the end of the firing. The average temperature 


1 Private Communication. A. Ernest MacGee, Research Engineer, Bur. of Stand., 
Columbus, Ohio, 1926. 
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of the air was 21°C. Unless otherwise stated all calorific values are 
given in large calories or kilogram-calories, the usual symbol for which 
is Cal. Small calories are usually indicated by small letters, cal. The 
heat actually used was: 


5021 X 38,512 = 193,300,000 Cal. 


That is, it was the heat in 38,512 kgm of wood. The kiln efficiency is 
therefore: 
54,224,000 


= oF 
193, 300 ,000 * 100=28 


The fires on this kiln were started at 2:30 p.m. and 
the heat-balance was worked out on the basis of 
24-hour periods, the last period having, however, only 14 hours. The 
details of the heat-balance were calculated by following the outline 
given earlier. 


The Heat Balance 


Ist 2nd 3rd 4th 5th Weighted 
% % % % % Average 


) Dry flue gases (base of stack to outside) 9.5 21.4 30.3 30.3 41.3 25.0 


(1 
(2) Water-vapor in flue gases 


9 
8.8 

(b) Hydrogen in fuel 
0.2 


(a) From fuel 10. 3.9 i2.9 334 
7 8.9 9.6 9.9 8.5 
(c) Moisture in air 0 0.55 0.6 O.8 0.5 
(3) In kiln, kiln furniture, etc. (See below) 6.4 
(4) Heat in firing ware 9 38.3 24.6 18.6 8.0 28.0 
(5) Fuel losses (unrealized heat) Negligible 
(6) Radiation and Convection 55.42 74 $2 
(7) Other Losses 
(a) Dry flue gases between bottom of 
kiln and base of stack 2.4. 22.7 02:4 4.3 2069 
(b) Heat in water-vapor between 
bottom of kiln and base of stack 
(c) Unaccounted for 2:5 28 32. 824: 


100.0 100.0 100.0 100.0 100.0 100.0 


Item 3. The heat in the kiln, kiln furniture, etc., was only computed 
for the whole firing, and is as follows: 


(a) In crown 2.5% 

(b) In walls 3.5 

(c) In flashwalls 0.4 
Total 6.4 


Items (a) and (6) under (7) the heat in the dry flue gases and in the 
water-vapor lost between the bottom of the kiln and the base of the 
stack, could have been combined with the other flue-gas losses, but 
they could not be recovered even in part as the rest of the flue gas 
could be by being forced into the waste heat drier. Part of this heat 
could be saved, however, by insulating the flues; the result would 
then be that the flue-gas temperature would be higher, but recoverable, 
and less heat would be conducted into the ground. 


| 
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The amount of air required per kilogram of wet 
fuel as computed from the analysis of the wood 
was 6.02 kgm. By taking the amount of air . 
actually used in combustion during each 24-hour period, 7.e., the total 

air minus the excess air and dividing this value by the weight of wood 

the check results on the amount of air per kilogram of fuel burned “ft 
were found. 


Other Information 
from Calculation 


Required Air per kgm of Fuel 


Theoretic from Computed 
fuel analysis ist 2nd 3rd 4th Sth 
6.02 5.87 5.87 5.87 5.88 5.85 


While this apparently is only a fair check, it is much better than was 
found in the calculations of the small laboratory kilns where only the 
Orsat apparatus was used, and indicates that the flue-gas analyses are 
fairly correct. In fact the close agreement of the computed values may 


indicate that the fuel analysis or the moisture in the fuel may be slightly 
in error. 
The Per Cent of Excess Air 
ist 2nd 3rd 4th Sth 
428% 165% 97% 51% 89% 


Conclusions on the Heat-balance Studies of Downdraft Periodic Kilns 


While downdraft periodic kilns compare unfavorably with con- 
tinuous kilns from the heat-efficiency standpoint, still they are more 
efficient than the old periodic updraft kiln which they have largely j 
replaced. Except that they are not easily adaptable to the principle of 
heat regeneration, they compare very well with many other heat-using 
apparatus. Grum-Grjimalo! has shown that considered as an apparatus 
using fluids lighter than air, the downdraft kiln is correct in principle. 
Although the eyes of the ceramic world are focused on continuous 
tunnel kilns at present, the periodic downdraft kiln is still capable of 
development. 

The low heat-efficiency of the round downdraft kiln studied was 
largely due to the wet wood used. When air-dry wood is used this kiln 
can be fired with as little as 30 cords of wood, in which case the kiln 
efficiency would be 38% instead of 28%. Another factor in favor of 
the periodic downdraft kiln is the uniformity of firing and high recovery 
of product. Where production is small and intermittent, and the kinds 
of ware variable, it is the most economical kiln to use. 

The large amount of heat unaccounted for during the first 24 hours 


1 W. E. Grum-Grjimalo. The Flow of Gases in Furnaces. English translation by 
A. D. Williams from the French Edition. Translated from the original Russian by Leon 
Dlongatch and A. Rothstein. John Wiley and Sons, New York, 1923. 
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of the firing is difficult to understand, but Rice and Sherman! in their 
study of refractory kilns found similar conditions. The fact that the 
stack was cold and the draft sluggish at this stage of the firing probably 
would explain the cause of much of this unaccounted for heat, the result 
being that part of the heat generated never enters the kiln. At the end 
of 24 hours after the fires were out, the bottom of 
the kiln had a temperature of 640°C and the top 
450°C; so that even after this time this heat was 
still available for drying purposes. In fact quite 
often the drier has been run on the heat from a 
cooling kiln for 24 hours or more after the fires 
were extinguished. 

The use of air-dry wood and the shortening of 
the watersmoking period are possible changes in the 


SSE 


operation of this kiln. Heat could be saved by Percent oF CO, 
insulating the crown, and building double instead of Fig. 14.—Elec- 


tric CO» meter rec- 
ord. R.D.D. kiln. 
End of firing. 


single doors in the wickets, but there is already an 
excess of waste-heat. Insulation would probably 
also shorten the time of firing. Fuel is still cheap 
in Seattle compared with the cost of labor and capital investment, 
so that the cost of any insulation system must be low. However, 
an abundant but undeveloped supply of diatomaceous earth is available 
in both eastern and western Washington for insulating ceramic kilns 
and for other purposes. 


III. The Heat-Balance Study of Hoffman Continuous Kilns 


The Hoffman kiln, or, as it is sometimes 
called, the ‘‘annular kiln,”’ is well known for 
its heat efficiency in the firing of heavy clay 
products. It was invented in 1858 by Frederick 
Hoffman, and in Europe the Hoffman or some modification of it is 
almost universally used in the firing of common brick and tile. In this 
country, they are not common, but in western Washington the Hoffman 
kiln and its modifications are much used, especially for common brick. 
The original Hoffman kiln was a circular tunnel divided into chambers 
with a stack in the center of the circle to which the different chambers 
were connected by flues. The large amount of ground space that was 
required was one of its chief faults, and even the modern Hoffman kiln 
requires a large area on account of its bulky walls. The modern design 
of the Hoffman kiln is in the form of two adjacent and parallel tunnels 
connected with round ends. Figure 7 is a sketch of the chief kiln studied, 


1 W. E. Rice and R. A. Sherman, loc. cit. 


The History and 
General Description of 
the Hoffman Kiln 
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and is hereafter referred to as Kiln No. 1. It is a typical Hoffman kiln. 
This first test of this kiln was made by T. E. 
Nicholson and the writer during a 13-hour 
period, and as the kiln is operated con- 
tinuously it was assumed that the short time 
test would be representative of the average performance. All the coal 
burned during the test was weighed, and Orsat analysis of the flue gases 
made continuously. The flue gases were sampled from a flue leading 
into the 152.5 foot radial-brick stack. Figure 8 gives the temperature 
gradient curve of this test. The data from this test.was used by Mr. 
Nicholson! in his study of heat-balances. 


Description of Hoffman 
Kiln No. 1 and Method 
of Its Operation 


Data Collected on a 24-hour Basis (Test No. 1) Flue-gas Analysis 
(Orsat Apparatus) 
CO; 0: Ns co 
3.67 16.83 79.50 0.0 
Two kinds of coal were used, New Castle ‘‘buckwheat’’ and Black 
Diamond screenings, in the proportion of 1 part of the first to 2.9 of the 
second. The ‘‘buckwheat”’ was used exclusively at the head end of the 
fire, while the Black Diamond was used for the rest of the fire. 


Ultimate Analysis of the Composite Sample of Coal on the Air-dry Basis 
H:0 H Cc N oO S Ash Calorific Value 
4.86 §.57 64.88 1.63 9.53 2.53 11.00 6,477 Cal. 
Humidity 69.5% 
4278 kgm coal used per 24-hour period 
3947.7 kgm coal on the air-dry basis 
3947.7 X 6477 = 25,569,000 Cal. heat in coal during 24 hours 
51,180 kgm fired ware per 24 hours 
53,970 kgm weight of ware when set 
Temperature when withdrawn 90°C 
The ware consisted of brick, building tile, drain tile, and radial 
chimney blocks. The average maximum firing temperature was 
1120°C and the average outside temperature was 11.5°C. Using the 
value 0.40 for the interval specific heat of the dry unfired ware as was 
done in the case of the round downdraft kiln, the heat theoretically 
required to fire this ware was: 
53,970 X0.40 X (1120° —11.5°) =23,714,000 Cal. 
Kiln efficiency x 100 = 92.7% 
ilne 569,000 =92.1% 


The Heat-balance of Hoffman Kiln 1: Test No. 1 


Percentages 
(1) In dry flue gases 28.4 
(2) Water-vapor in flue gases 
(a) from fuel 1. 
(b) hydrogen in fuel 5.0 
(c) in entering air 0.3 6. 


1 T. E. Nicholson Senior, Thesis, U. of Wash., 1926. 
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(3) In kiln: walls and floor not determined 
(4) In firing ware 


(a) irrecoverable, used in driving off water, chemical changes, etc. 32.5 
(>) given up by cooling ware and lost through firing holes 13.2 
(c) in ware withdrawn from kiln 3.5 16.7 
(5) Fuel loss: unrealized heat (negligible) 
(6) Radiation and convection from top of kiln 16.0 
100.3 


The heat-balance shows the chief dis- 
tribution of the heat supplied to the 
kiln, but there are a number of un- 
accounted for losses which can not be easily calculated but whose 
existence is well known. The temperature of the 


Conclusions Drawn from Test 
No. 1 Hoffman Kiln No. 1 


interior walls and the floor never falls below 150°C in TITTPAR | 
the empty part of the kiln, and the heat loss from WT illl 
this cause must be small in comparison to a periodic ie +t 
kiln. Fuel loss due to combustible left in the ash is {Ua Ut 
generally considered absent in a Hoffman kiln, but Hares 
this is not always the case because pockets of un- “4 Fit 


consumed coal are sometimes found in what were i et? 
cold spots or poorly ventilated places. The loss of 
heat from this cause is small, but not absent. At each 
firing period there is a loss due to soot, as visible 
smoke from the stack is seen at such a time. Another 
waste of heat is the ignition of coal spilled around the 
firing holes. This coal is cleaned up twice every shift | it} + 
and the heat loss must be negligible. the 


55 Hours 


Test No. 2 Hoffman Kiln No. 1 


Test No. 2 was made under different 
circumstances from Test No. 1. The 
Brown Electric CO. meter was used 
during Test No. 2, the apparatus having been pro- ; 
cured after Test No. 1 was made. Test No. 2, Kiln 5678910 
No. 1, and the test of the round downdraft periodic Percent 
kiln were the only tests on which the flue gases were of CO, 
analyzed by the thermal-conductivity method, and 7 re 
in these cases the Orsat was also used for checking 
purposes. ord. R.D.D. kiln. 
The general conditions were much the same for Effect of wet wood. 
both tests. The same kind of coal was used, but 
Test No. 1 was made in May while Test No. 2 was made in August. The 
time of circuit was ten days and in Test No. 2 the kiln contained no brick 
or chimney blocks, for only building tile and drain tile had been set. 


Statement of 
Conditions 


‘ 
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The weight of ware fired per day was, therefore, less, and generally 
a circuit of the kiln is made in less than ten days under those conditions. 
The flue gases were sampled directly in the kiln at points just before 
the gases entered the cross flue. 


T D2 entage 
of the Electric 


| Hoffman continuous 
CO. Meter Record 
i] kiln is a curve with a 


regular and fairly constant shape. Figure 16 


4 wii is the curve made during Test No. 2 and 
oT is characteristic of the whole operation of 
ae | the kiln. It is similar to the COz percentage 


5 


curve of the periodic kiln during the latter 
part of the heating-up period, but it has its 
own characteristic shape. At the points 
marked ‘‘A’’ the coal scattered around the 
3 4567es0neseseére9 firing holes was being cleaned, and as this 
Percent of CO, took longer than when the kiln was being 

Fig. 16.—Electric CO: fired in the regular way, 7.e., by scooping 


meter record. Hoffman kiln, the coal from the supply boxes, the per- 
No. 1, test No. 2. 


centage of CO, did not rise as high as usual. 
It can be seen that the percentage of COz is much more constant in the 
case of a hand-fired continuous kiln than it is in the case of a hand- 
fired periodic kiln. 

Hoffman Kiln 


Data Collected on Test No. 2, Kiln No. 1 
Average Flue-gas Analysis 


CO, co O: N: 
0.0 12.3 80.2 
Ultimate Analysis of Coal as Fired 
H:0 H Cc oO N S Ash Calorific Value 
14.3 5.0 60.9 7.9 ; 2.0 8.7 6022 Cal. 


38 ,668 kgm: fired ware per 24 hours 

40 ,640 kgm: ware placed in kiln (before firing) 
2897.7 kgm coal burned per 24 hours 

Average flue-gas temperature, 220°C 
Maximum temperature, 1020°C 

Outside air temperature, 21°C 

Humidity 60% 


Figure 9 gives the heat gradient of this kiln during the test. 


Calculations Based on Flue-gas Analysis in Detail 
Step 1: The molecular weights of the flue gases 
CO, .075X44= 3.30 
O, .123X32= 3.94 
.802 X28 =22.45 


M, 29.69 
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Step 2: the percentage of flue gases by weight 
CO, 3.30+29.69=11.1% 
3.94+29.69=13.3 
22.45+29.69=75.6 


100.0 
Step 3: molecular weight of carbon in carbon gases 
M.=12(CO.+CO)=12 X .075 =0.90 
Step 4: kilograms of flue gases per kilogram of carbon 


M, 29.69 =33.0k 
uM. 
Step 5: total weight of carbon, 24 hours 


0.609 x 2897 .7 = 1764.7 kgm 
Step 6: total weight of flue gases 
W; 33.0X1764.7 =58,235 kgm 
Step 7: total weight of oxygen in flue gases 
0.133 X58 ,235 =7745 kgm 
Step 8: total weight of nitrogen in flue gases 
0.756 X 58,235 =44,025 kgm 


1.303 X 44,025 =57,365 
4.337745 =33,535 


Step 9: total air 
Step 10: excess air 
Step 11: required air 


57 ,365 —33 ,535 =23 ,830 
Step 12: per cent of excess air 
(33 ,535 +23 ,830) x 100 = 140.7% 


Heat-Balance Calculations (in Detail) 
For formulas see the ‘“‘Outline of Method Used’"! in this study. 


I. Heat in Dry Flue Gases 
58,235 X (220 —21) X .243 =2,816,000 Cal. 


The specific heats of all gases were taken from Fig. 2. 

The total heat available in 24 hours was the heat in 2897.7 kgm of 
coal with a total calorific value of 17,449,000 Cal. The percentage of 
heat carried away by the dry flue gases was therefore: 


2,816,000 


17,449 000 100= 16.1% 


II. Heat in Water-Vapor of the Flue Gases 


(a) Water-vapor from the water in fuel 
(2897 .7 X0.143)[(100 —21) +538.7+0.471(220—100)] = 279,000 Cal. 


279,000 = 1.6% 
17,449,900 


(b) Water-vapor from hydrogen in fuel 
9(2897.7 X .05)[100 —21) +538.7+0.471(220—100)] =879,000 Cal. 


17,449,900 

The latent heat must be taken into consideration because water is an 
actual product of combustion, regardless of the fact that the moisture 


1 See p. 863. 
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occurs in the flue gas as vapor. It is necessary to remember that in 
American practice the so-called “higher”’ calorific value for fuels is used. 
(c) Water-vapor in entering air 


Humidity 60%; therefore 0.009 kgm of water-vapor is present per kilogram of dry air 
57,365 (0.471 X 199) x .009 = 48, 380 Cal. 


48 , 380 
17,449,900 100 =9.3% 

The heat lost from this source is always small and for all practical 
purposes can be neglected. In this case the latent heat is not con- 
sidered as the moisture is in the gaseous state when it enters the kiln. 
III. Heat in Kiln This heat loss was not determined, but is known to 
Walls, Etc. be low when considered asa percentage of the total 

heat used. The inside walls of the kiln never fall 
below 150°C. Since this is the surface temperature, the interior of the 
kiln walls must be considerably hotter, and as the chambers are never 
empty for more than two days, considerable heat that is later given 
up to the newly set ware is left in the walls thus decreasing the heat 
loss and increasing the efficiency of the kiln. 
IV. Heat Used in (a) The irrecoverable heat used in firing the ware 
Firing Ware is the difference between the total heat required, 
based on MacGee’s method, and the heat stored 
up in the fired ware. It is the heat used to bring about all chemical 
and physical changes that take place in firing the ware, and includes 
the sensible and latent heat of the moisture of the unfired ware. In a 
continuous kiln this moisture gives up part of its sensible heat in 
cooling from the maximum heat of the ware to the flue-gas temperature, 
and is therefore not actually lost, but in a periodic kiln all of this heat 
goes out with the flue gas. The interval specific heat is taken as 0.40 
as before. 


40,640 x0.40 x (1020 —21) = 16, 239,000 Cal. (required to fire ware) 
38 ,668 X0.26 x (1020 —21) = 11,418 ,000 Cal. (stored in ware) 


4,821,000 Cal. 


1,972 K0.49 x (1020 — 220) = 772,800 (Correction for heat given up by 
—— cooling water vapor from ware; 
4,048 , 200 Cal. (irrecoverable heat) 
4,048, 200 


19.2%, 
17,449,000 


(6) The amount of heat stored in the ware but finally lost was 
calculated by determining the heat that came out of the open firing 
‘holes over the cooling ware, plus the heat in the ware drawn from the 
kiln. The firing holes, beginning with the 24th row of holes from the 
last coal box, are always open, and part of the heat in the ware in this 
part of the kiln is used in preheating the air entering the firing zone, 


i 


is 
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while the rest is lost and must be accounted for. There were 48 holes 
5.0 cms in diameter or 0.3770 square meters in all. The average velocity 
of the heated air coming out of these holes was 164.5 meters per minute, 
and the average temperature was 250°C. Therefore the quantity of air 
24 hours would be: 


164.5 X0.3770 x 1440 =89, 300 cu. m of air at 250° 


Since, according to Charles’ law, the volume of gas is proportional 
to the absolute temperature: 


89 , 300 X 273 


523 =46,600 cu. m at 0°C 


Since one cubic meter of air under standard conditions weighs 1.29 
kgm, 46,600 cu. m will weigh 61,046 kgm and the heat lost by the 
heated air coming out of the firing holes will be: 


61,046 x0. 242 x (250 —21) =3, 382 ,000 Cal. 


3,382 ,000 


17,449,900 19.4% 


This heat, though lost in this case, could be used for drying, and is 
actually recovered in some German Hoffman kilns. 
The heat in the ware drawn from the kiln was calculated as follows: 


38 ,668 X0.21 x (90 —21) =560, 280 Cal. 


_ 560, 280 


17,449 900 * 100=3.2% 


No CO was detected in the flue gases and the 
same remarks regarding combustible in the ash 
apply to this test as were made in Test No. 1. 
The actual losses due to these causes were not determined but must 
have been small. 


VI. Radiation and 
Convection 


V. Fuel Losses and 
Unrealized Heat 


The main loss due to radiation was from the top 
of the kiln. The outside of the walls was practi- 
cally at outdoor temperature, and the wickets 
while hot were so small in comparative area that the heat loss was 
small. This kiln is covered over with a nearly flat roof far enough from 
the top of the kiln that its temperature was approximately that of 
outside air. The inside of the roof was sooted, and the top of the kiln 
was rough and black with soot, coal, and cinders. The emissivity 
constant was therefore very high, and the value used was 0.90. The 
condition was that of two parallel surfaces, one radiating heat to the 
other, and the use of the Stefan-Boltzmann formula, therefore amply 
justified. The top of the kiln was divided into three areas, the 
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temperatures of each area being constant. As long:as the kiln was in 
continuous operation and the temperature did not change radically, the 
heat lost by radiation and convection would be a function of the time. 
The values for these heat losses in gram calories per square centimeters 
per second were gotten from Fig. 3. 


(1) 40°C— 586,000 sq. cm X0.007= 4,100 gm cal. per sec. 
(2) 130°C— 586,000% xX0.046=26,900 “ “ 
(3) 60°C —1,173,500“ “ x0.014=16,400 * * * 


Changing this to large calories per 24 hours 


47,400 x 86,400 


1000 =4,095 ,000 Cal. 
4,095 ,000 
17-449 900 *100=23.5% 


Heat-balance Test 2, Kiln No. 1. Hoffman Continuous Kiln 
Percentage 
(1) In dry flue gases 16.1 
(2) Water-vapor in flue gases 
(a) From fuel .6 
(b) From hydrogen in fuel 5.0 
(c) In entering air 3 
(3) In kiln (not determined) 
(4) In firing ware 


(a) Irrecoverable 23.2 
(6) Given up by cooling ware and lost through firing holes and ware 
drawn from kiln 22.6 
(5) Fuel losses (unrealized heat) Negligible 
(6) Radiation and convection 23.5 
(7) Unaccounted for 
100.0 


Test 2 agrees substantially with Test 1 except for the 
losses in the stack gases. The theoretic air required 
per kilogram of air-dry fuel in Test No. 1 calculated 
from the fuel analysis was 9.09 kgm while the air actually used accord- 
ing to the calculations based on the flue-gas analysis was 8.78 kgm. 
In Test No. 2 the theoretic air was 8.38 per kilogram of coal as used 
calculated from the fuel analysis, and 8.22 calculated from the flue-gas 
analysis. The flue-gas analysis was, therefore, more nearly correct 
in the case of Test No. 2, which it should be, as in this case the electric 
CO, meter furnished a continuous record, and the samples were taken 
at a point where there was less danger of air leakage. The heat supplied 
to the kiln per 24 hours was 17,449,000 Cal. and the heat required was 
16,239,000 Cal. The kiln efficiency is therefore 93.0%. The efficiency 
should have been higher in Test No. 1 on account of more ware per 
chamber being fired, but the lower temperature to which the ware, 
which was all hollow building and drain tile in Test No. 2, was fired. 


Conclusions on 
Test 2, Kiln 2 


| 
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and the warmer weather evidently overcame this advantage. Although 
this kiln is twenty years old, it is in good condition and as noted above, 
is very efficient. In its present form it could not be operated much more 
economically, but the heat-balances given in this study indicate some 
of the changes that could be made in the design of continuous kilns to 
improve their efficiency, for example, increasing the length of the kiln. 
The only other heat-balance of a continuous Hoffman kiln that the 
writer was able to find in the literature was that of a German kiln 
quoted by Haslam and Russell,' which gave an efficiency of 51.5%. If 
this is recalculated on the basis of MacGee’s data, the efficiency would 
be about 80%. 


Comparison of Hoffman Kilns 1, 2, and 3 


Two other Hoffman coal-fired continuous kilns, hereafter called 
Kilns 2 and 3, were studied. Kiln 2 was originally designed as a Young- 
gren producer-gas-fired kiln, but it could not be successfully operated 
as such. It is now operated as an ordinary coal-fired ring kiln. The 
ends are not rounded like the typical Hoffman kiln, but the two sides 
are connected by a smaller tunnel which acts as a cross flue. This is a 
disadvantage for the tunnel must be heated up as the fire advances 
from one side of the kiln to the other, causing a direct unavoidable loss 
of heat. The chambers are wider and the number of dampers fewer 
than in the typical Hoffman kiln. Induced draft was supplied by a 
suction fan at the base of a small stack. On account of the large cham- 
bers and few dampers, a new damper was opened only once every two 
days. The flue gas contained 0.97% carbon monoxide, but a reducing 
condition was desired in the kiln on account of the color that it gave the 
brick. Kiln 3 was a very old kiln with large doorways and with square 
ends. Wood was used at the ends of the tunnels when the fire was 
advancing from one side of the kiln to the other, and also in the firing 
holes near the doorways. The total wood used, however, was only 6.0% 
of the total fuel fired. 

The thermal efficiencies of these three kilns, calculated in the same 
manner as was shown in the detailed calculation of Kiln 1, Test 2, are 


given below: 
Per cent 


Kiln 1, Test 1 92.7 
93.0 
whe 73.9 
74.0 


It is apparent, therefore, that even under unfavorable conditions, a 
Hoffman kiln is more efficient thermally than a round downdraft 


1R. T. Haslam and R. P. Russell, Fuels and Their Combustion, McGraw-Hill Co., 
New York, 1926. 
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periodic kiln. As all of these kilns were firing similar clay and ware, 
using similar fuel, and firing to approximately the same temperature, 
the different efficiencies were due to inherent differences in the kilns, 
and to different manners of operating the kilns. Any one kiln, however, 
can only be operated in certain ways; for example, if a kiln has a sluggish 
draft the rate of travel of the fire around the kiln must necessarily be 
slow. 

Figures 8, 9, 10, and 11 are the temperature gradient curves of the 
three Hoffman kilns. Kiln 1 was fired to a higher temperature during 
Test 1 than during Test 2 because in the latter case the kiln contained 
only hollow tile. Figure 10 shows that for a length of ten firing holes 
the fired ware is at the same temperature as the outside air. This is 
caused by leaving the dampers open so that the fan drew heat from the 
cooling ware up the stack. This heat should have been available for 
preheating the air being drawn into the kiln. Figure 11 shows a steep, 
almost vertical, gradient at the setting-face end of the curve indicating 
that heat that should have been used for watersmoking was going up 
the stack. 

That Kiln 1 is the most efficient kiln is also indicated by the rate of 
travel of the firing zone. The following data give these rates: 

Kiln 1 — feet per 24 hours 


10. 


Ww 


Kiln 2 it should be remembered, however, is twice as wide as the others. 
From the temperature gradient curves it can also be seen that Kiln 1 
gives the best heat service. Curves 8 and 9 approach the shape of the 
temperature gradient curve of railroad tunnel kilns which have their 
temperature conditions under much greater control than is possible in 
a Hoffman kiln. 


V. General Conclusions on the Heat-Balance Study of Ceramic Kilns 


The types of kilns studied are the common kinds 
to be found in the state of Washington where the 
manufacture of heavy clay products is still the 
chief ceramic industry. There are numerous types of round, downdraft 
kilns for brick, tile, and sewer pipe, a number of muffle kilns in the 
terra cotta plants, several semicontinuous chambered kilns and modifi- 
cations of the Hoffman kiln, and a few scove kilns. Valuable data on 
kilns and fuels are to be found in the report from the Pacific Northwest 
Clayworkers’ Association of 1924.! 


Other Washington 
Kilns 


1 Hewitt Wilson, Reports of the Pacific Northwest Clayworkers’ Association, 1924: 
Unpublished. 
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Coal is the natural industrial fuel for Washington industries, supple- 
mented to a certain extent by the by-product fuels from the lumbering 
industries, especially slab-wood and ‘‘hogged fuel.” 

Kiln Efficiency The study of kiln efficiency can very easily be 
made by the use of data available in almost any plant. 
These data are: 

The weight of the ware on the air-dry basis, the temperature to 

which it is fired; the weight of fuel used. In addition, the calorific 
value of the fuel and the interval specific heat of the air-dry clay as 
found by MacGee’s method must be known. As yet, only a few interval 
specific heats have been determined, and an estimate made on the 
known interval specific heat of clay most resembling that being fired 
may have to be used. If enough of these kiln efficiencies are determined 
and published together with supplementary fuel, heat, and general 
descriptive information regarding kilns, it would increase the value of 
heat-balances. 
1. The perfection of a scheme for firing the 
Hoffman and similar continuous kilns, so 
that a better class of ware can be made is an 
important problem. The low cost of operating the Hoffman kiln will 
always stand in its favor, and it will undoubtedly be able to compete 
with the more expensive railroad tunnel kilns, in the production of 
heavy cheap ware, when questions of first cost, maintenance cost, 
variety of products, and limited production are concerned. 

(1) The following subjects for study are suggested to further this 
purpose: (a) the setting of ware in the kilns, (b) the study of oxidizing 
and reducing conditions and of watersmoking, and (c) a study of the 
circulation of gases in the kiln. 

2. The periodic kiln should be studied for the following purposes: 
(a) the rate of watersmoking and its acceleration; (6) the time of 
heating up and soaking, and the conditions affecting them; (c) a com- 
parison of the value of firing and finishing by means of the settle, cones, 
pyrometers, draw-trials, etc.; and (d) the ceramic use of heat and fuels 
compared with the use of heat in other industries. The use of high 
temperatures is one of the chief characteristics of ceramic technology, 
and therefore the efficient and economic study of heat is one of the most 
important b:anches of ceramics. Other industries are making rapid 
progress in the use of heat, and their literature is worth perusing. 
Much original work is being done in “pure science’ on heat-transfer, 
flame temperature, and other heat problems; and the ceramic industry 
is entitled to its share in the application of this information. 


Problems and Subjects 
for Future Study 


Note: This work was done while the writer held a ceramic fellowship at the Univer- 
sity of Washington in codperation with the Northwest Experiment Station of the Bureau 
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of Mines. It was done under the direction of Hewitt Wilson, Director of Ceramic 
Engineering in the University of Washington and consulting engineer for the Bureau of 
Mines. Acknowledgment for assistance and advice is made to Professor Wilson, to 
Milnor Roberts, Dean of the College of Mines, University of Washington, to Byron 
Bird, Superintendent of the Northwest Station of the Bureau of Mines, to T. E. Nichol- 
son with whose hearty codperation the early part of this work was done, and to K. A. 
Johnson, chemist of the Northwest Experiment Station of the Bureau of Mines, for 
analyses of fuel. 
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THE HEAT REQUIRED TO FIRE CERAMIC BODIES! 
By Harotp E. Suwpson? 
ABSTRACT 


The interval specific heats of twenty-three refractory clays of various types from 
Pennsylvania, Ohio, Maryland, Kentucky, Missouri, Colorado, and New Jersey were 
calculated as well as ten clays used in the Bureau of Mines investigation ‘“The Burning 
Problems of Industrial Kilns.’’ This group included fire clay, shales, and surface clays. 

The results showed that there was very little difference in the interval specific heats 
at 1000°C between the various types of fire clay, shales, and surface clay. The values 
ranged from .425-.440. 

In the Bureau of Mines investigation the average kiln efficiencies were calculated 
to be about 18%; using the corrected figures obtained for interval specific heats, the 
average kiln efficiencies were found to be about 29%. 


Introduction 

The purpose of this investigation was to gather interval specific heat 
data on a wide range of clays, the work being supplemental to that of 
A. E. MacGee.* MacGee’s method was used without modification. 

The immediate purpose of the work was to compile data from which 
kiln efficiencies could be calculated. MacGee’s determinations were 
principally on whiteware clays while those in this investigation are 
on fire clays, surface clay, and shales. 

The application of these specific heat values in accurately determined 
heat-balances is shown also. 

Results‘ 

This sample came from the Charles Drake Mine, 
Perry County.® 

An endothermic reaction began at about 250°C 
and extended to 625°C reaching its maximum intensity at approxi- 
mately 550°C. This was due to driving off of chemically combined 
water. Quantitatively, this endothermic reaction absorbed 63 calories 
per gram of air-dried (65°C) clay. 


Tionesta Plastic 
Fire Clay 


1 Received July 8, 1927. 

2 Research fellow the U. S. Bureau of Mines. 

* “The Heat Required to Fire-Ceramic Bodies,” Jour. Amer. Ceram. Soc., 9, 206-47 
(1926). 

‘For chemical analysis and cone fusion of all clays see p. 918. 

5 All Ohio fire clays studied were included in the investigation of other physical 
properties, by Stout, Stull, McCaughey, and Demorest and reported in Fourth Series, 
Bull., No. 26 of the Ohio Geological Survey. The clay was ground in an agate mortar to 
pass a 100-mesh screen and was dried overnight at 65°C. It was found that 1.35 grams 
gave the maximum temperature effect and this was, therefore, the quantity used in 
the final determination. This was ascertained by keeping the weight of the quartz 
constant and using various weights of the clay. In a similar manner it was found that 
2.25 grams of quartz gave the maximum temperature effect and this quantity was 
therefore used in this and all subsequent determinations. 
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This value was obtained from the temperature-calory curve by 
projecting the curves in a straight line and measuring the calories 
directly along the central portion. The method of doing this is indicated 
by the dotted lines in Fig. 1, No. 1. An illustration indicating a more 
marked change is shown in Fig. 1, No. 6. 


500: 


Calories per Gram 
8 


200 300 400 500 600 700 800 900 1000 1100 
Degrees C. 


Fic. 1.—Number of calories required to heat one gram of the following clays from 
0 to t°C. 

No. 1.—Tionesta plastic fire clay (Ohio). 

No. 4.—(Oak Hill) Ohio smooth flint fire clay. 

No. 5.—(Sciotoville) Ohio smooth flint fire clay. 

No. 6.—(Lower Kittanning) Ohio smooth flint fire clay. 

No. 7.—Ohio semiflint fire clay. 

No. 18.—Kentucky hard semiflint clay. 

The number of calories required to heat one gram of the air-dried (65°C) clay to 
t°C was calculated as follows: 

Temperature (degrees Centigrade) X interval specific heat (at that temperature) = cal- 
ories required to heat one gram of the air-dried (65°C) clay from zero to that tempera- 
ture. These values were combined to form a curve in Fig. 1, No. 1, from which the 
calories corresponding to any temperature could be conveniently obtained. For example, 
400 calories were required to be added from some external source (from the fuel) in order 
to raise the temperature of 1 gram of air-dried (65°C) Tionesta fire clay from 0 to 925°C 
being directly read from the calory-temperature curve. 


An exothermal process appeared at between 900°C and 1055°C. The 
chemical significance of this was not definitely known. This was 
evidenced by the slight dip in the curve and its value was obtained by 
projecting the curve in a straight line and measuring the calories 
directly along the central portion as stated above in measuring the 
endothermic reaction. If there had been no loss of heat from the 
sample, the steady rise would have begun at 985°C so the curve was 
projected from this point. This is illustrated by the dotted lines at 
945°C, Fig. 1. The extent of the exothermic process was ten calories 
per gram. 
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Table I shows the values obtained for Tionesta fire clay from 0 
to 


TABLE I 
Temperature of quartz Differential temperature Temperature of clay Specific heat of clay 
109 2 111 .309 
154 1 155 .326 
217 1 218 .341 
248 2 250 .347 
297 3 300 .357 
342 5 347 .364 
391 4 395 .375 
440 4 444 .384 
489 3 492 .392 
538 535 .406 
587 —21 566 .426 
632 —29 603 .435 
681 —7 674 .426 
730 —3 727 .427 
779 —2 778 .428 
828 —1 827 .430 
877 —1 877 .432 
926 0 926 .434 
975 8 983 .430 
1029 2 1031 .436 
1074 0 1074 .439 


*The minus sign before a number indicates that the clay was colder than the quartz 
and therefore should be subtracted from the quartz temperatures. The temperature 
and intervals of the quartz or reference sample were the same in all determinations and 
wil] therefore be omitted in subsequent tables. The procedure in preparing al] samples 
was identical and therefore this description will be omitted in all subsequent data. 


: ... This sample was obtained from the Halley Coal 
Lower Kittanning 
Plastic Fire Clay Company, Culberson, _Lawrence County, Ohio. 
The endothermic reaction started at about 275°C, 
extending to about 700°C and reached a maximum intensity at ap- 
proximately 565°C. This reaction consumed about 75 calories per gram 
of air-dried (65°C) clay. In general this curve resembled very closely 
the calory-temperature curve of the Tionesta fire clay shown in Fig. 1, 
No. 1. Table II shows the values obtained for the interval specific 
heats from 0 to #°C. 
This sample was obtained from the Puritan Brick 
Company, Vinton County, Ohio. 

An endothermic reaction started in the neighbor- 
hvod of 370°C and extended to about 625°C reaching a maximum at 
approximately 560°C. (See Fig. 3, No. 3.) This reaction absorbed 
about 72.5 calories per gram of air-dried (65°C) clay. An exothermic 
reaction started at about 900°C and extended to about 996°C. This 
reaction liberated approximately 20 calories per gram. In general this 
curve resembled very closely the two previous plastic fire clays. The 
values of the interval specific heats from 0 to ¢°C are shown in 
Table III. 


Clarion Plastic 
Fire Clay 


900 SIMPSON 


TABLE II TABLE III TABLE IV 
FC Interval specific FC Interval specific £C Interval specific 
heat heat heat 
110 .314 108 .318 107 .321 
154 .327 151 .333 150 .335 
218 .341 214 .347 211 .352 
250 .347 247 .352 244 .355 
300 .356 297 .360 296 .362 
346 .365 344 .367 340 371 
395 .374 396 .374 389 .380 
440 .384 444 .383 438 .388 
490 .394 489 .395 485 .398 
533 .408 532 .408 529 .410 
566 .426 560 .430 557 .432 
602 581 -452 570 .460 
673 .436 663 .433 657 .437 
725 .428 722 .430 722 .430 
777 -428 775 .429 775 .429 
827 .430 821 .433 825 .432 
877 .432 872 .434 873 .434 
926 .434 923 .435 924 .435 
986 .429 994 .426 1018 .416 
1029 .437 1025 .439 1026 .439 
1074 .439 1070 .441 1071 .440 


This sample was obtained from Jefferson Iron Com- 
pany, Jackson County, Ohio. An _ endothermic 
reaction started at about 275°C and extended to 
about 625°C reaching a maximum intensity at approximately 565°C. 
(See Fig. 1, No. 4.) This reaction absorbed about 98 calories per gram 
of air-dried (65°C) clay. An exothermic reaction started at about 
915°C and extended to about 1015°C. This reaction liberated ap- 
proximately 25 calories per gram. These reactions were obviously of a 
greater magnitude than those of the plastic fire clays. The values 
for the interval specific heats from 0 to ¢°C are shown in Table IV. 
Sciotoville Smooth This sample was obtained from near Maxville, 
Flint Fire Clay Perry County, Ohio. ) 

An endothermic reaction started at. about 
300°C continuing to about 650°C and reached a maximum intensity at 
approximately 575°C. (See Fig. 1, No. 5.) This reaction absorbed 
about 95 calories per gram of air-dried (65°C) clay. An exothermic 
reaction started about 915°C and extended to approximately 1020°C 
liberating about 28 calories per gram of air-dried (65°C) clay. This clay 
resembled very closely the Oak Hill Smooth Flint Clay shown in Fig. 1, 
No. 4. The values for the interval specific heats from 0 to ¢°C are 
shown in Table V. 


Oak Hill Flint 
Fire Clay 


This sample was obtained from National Fire- 
proofing Company, Carroll County, Ohio. An 
endothermic reaction started at about 275°C and 
extended to 650°C reaching its maximum intensity 
at about 575°C. (See Fig. 1, No. 6.) This reaction absorbed approxi- 


Lower Kittanning 
Smooth Flint 
Fire Clay 
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mately 107 calories per gram of air-dried (65°C) clay. An exothermic 
reaction took place at about 875°C extending to 1040°C. This reaction 
liberated about 30 calories per gram of air-dried (65°C) clay. The 
values for the interval specific heats from 0 to ¢°C are shown in 
Table VI. 


TABLE V TABLE VI TaB_e VII 
re Interval specific eC Interval specific eC Interval specific 
heat heat heat 
107 .322 109 .316 108 .317 
153 .328 154 .327 151 .332 
214 .346 216 .342 215 .345 
246 .352 249 .348 248 .349 
297 .361 299 .358 298 .359 
343 .368 345 .366 344 .367 
392 .377 395 .375 392 .377 
441 .386 447 . 380 440 .387 
489 .395 496 .394 488 .395 
530 .410 534 .407 531 .409 
562 .428 560 .432 557 .433 
577 -455 573 .458 573 .458 
650 .441 670 .428 667 .430 
723 .429 727 .427 724 .428 
775 .429 778 .428 776 .429 
825 .431 828 .430 826 .431 
875 .432 878 .432 877 .431 
925 -434 928 .433 928 .432 
1018 .416 1037 .408 1010 .419 
1024 -440 1030 .437 1029 .437 
1072 -440 1075 .439 1074 .439 


This sample was obtained from Buckeye Fire 
Brick and Clay Company, Scioto County, Ohio. 
An endothermic reaction started at about 250°C 
and extended to 650°C. (See Fig. 1, No. 7.) This reaction absorbed 
approximately 115 calories per gram of air-dried (65°C) clay. An exo- 
thermic reaction started at about 900°C and extended to 1015°C. This 
reaction liberated 24 calories per gram of air-dried (65°C) clay. The 
semiflint clay seemed to require a slightly greater number of calories 
during the endothermic reaction, but about the same number of calories 
was liberated in the exothermic process as in the smooth flint clays. 
The values for the interval specific heats from 0 to ¢°C are shown in 
Table VII. 


Sciotoville Semiflint 
Fire Clay 


Pennsylvania This sample was obtained from M. Cc. Booze and S. M. 
Bond Clay! Phelps of the Mellon Institute. This particular sample 

was from Cambria County, Pennsylvania. An endo- 
thermic reaction started at about 250°C and extended to 675°C reach- 
ing a maximum intensity at 575°C. (See Fig. 2, No. 8.) This reaction 
absorbed about 82.5 calories per gram of air-dried (65°C) clay. An 


1M. C. Booze and S. M. Phelps, ‘““The Chemical and Physical Properties of Fire 
Clays from Various Producing Districts,” Jour. Amer. Ceram. Soc., 8, 655 (1925). 
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exothermic reaction started at 935°C and extended to 1015°C liberating 
about 17 calories per gram of air-dried (65°C) clay. This clay required 
a slightly greater number of calories during the endothermic reaction 
than the Ohio plastic fire clays, but the exothermic process was very 
nearly the same. The values of the interval specific heats from 0 to 
t°C are shown in Table VIII. 

This sample was obtained from the Kier Fire Brick 
Company, Salina, Clearfield County, Pennsylvania. 
There were two exothermic reactions and also an 
endothermic reaction. (Fig. 4, No. 9.) There was an exothermic process 
between 525°C and 685°C that liberated 42.5 calories per gram of air- 
dried (65°C) clay. This reaction was no doubt due to the ignition and 


Pennsylvania 
Semiflint Clay 
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F1G. 2.—Number of calories required to heat one gram of the following clays from 
0 to t°C. 

No. 8.—Pennsylvania (Cambria County) bond clay. 

No. 10.—Pennsylvania smooth flint fire clay. 

No. 11.—Pennsylvania “‘burley flint’’ fire clay. 

No. 13.—Maryland smooth flint fire clay. 

No. 17.—Missouri diaspor clay. 

Note: Owing to the marked similarity of the curves in Fig. 2, No. 17 is omitted. 


burning. of some organic matter in the clay with an evolution of heat. 
Just preceding this reaction was an endothermic process of about 37 
calories per gram of air-dried (65°C) clay, between 175°C and 525°C. 
Water was no doubt being driven off here from the clay molecule and 
at about 525°C the ignition of some organic matter liberated heat. 
This burning was of so violent a nature as to more than overbalance 
any endothermic reaction due to driving off the chemically combined 
water. This curve slightly resembled that of an oil shale run by A. E. 
MacGee but the reactions were not so violent. An exothermic reaction 
also took place between 925°C and 985°C liberating about 10 calories 
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per gram of air-dried (65°C) clay. The values for the interval specific 
heats from 0 to /°C are given in Table IX.! 


TaB_e VIII TABLE IX TABLE X 

eC Interval specific eC Interval specific tS Interval specific 

heat heat heat 
112 .308 105 .327 101 .340 
157 .321 151 .334 148 .340 
219 .339 214 .347 212 .349 
251 .345 248 .350 245 .354 
301 .355 306 .350 294 .365 
347 .364 375 .337 339 .372 
395 .375 424 .349 389 381 
444 .384 471 .361 469 .363 
489 .395 537 .360 479 .403 
533 .407 683 .318 511 .425 
565 .427 597 .403 547 .440 
586 .448 631 .416 612 .429 
653 .440 677 .424 674 .426 
729 .426 727 .427 724 .429 
780 .427 777 .429 776 .429 
831 .428 826 431 821 .433 
880 .430 875 .433 875 .433 
929 .432 926 .434 926 .434 
1013 .418 981 .431 1011 .419 
1030 .437 1028 .438 1027 .438 
1076 .438 1073 .440 1071 .441 


This sample was also furnished by M. C. Booze 
and S. M. Phelps.2 There was an endothermic 
reaction which began at 240°C, continuing to575°C, 
and reaching a maximum intensity about 480°C. (See Fig. 2, No. 10.) 
The reactions absorbed about 80 calories per gram of air-dried (65°C) 
clay. The curve rose very rapidly at about 460°C. It is to be observed 
that this reaction was somewhat lower than the other flint clays. An 
exothermic reaction extended from 935 to 1010°C liberating about 
20 calories per gram of air-dried (65°C) clay. The values for the interval 
specific heats from 0 to ¢°C are shown in Table X. 

This sample was obtained from Mr. Whitesell, 
of the Kier Fire Brick Company, Salina, 
Pennsylvania. The clay no doubt came from 
Cambria County. There was an endothermic reaction starting at about 
300°C, continuing on to 600°C, reaching a maximum at about 510°C. 
(See Fig. 2, No. 11.) This reaction absorbed approximately 70 calories 
per gram of air-dried (65°C) clay. An exothermic reaction was evident 
from 915 to 1000°C of about 17 calories per gram of air-dried (65°C) 
clay. The endothermic reaction of the burley flint was observed to be 


Pennsylvania 
Smooth Flint Clay 


Pennsylvania ‘‘Burley 
Flint Fire Clay” 


! The above clay was black in the raw state and fired to a light buff. It was neces- 
sary to use a perforated crucible in order to prevent the clay from black coring due 
to entrapped carbon. 

2 Loc. cit. 
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still smaller than that of the flints and approaching that of the plastics. 
The values for the interval specific heats from 0 to ¢°C are shown in 
Table XI. 


Maryland Plastic 
Fire Clay 


This sample was obtained from M. C. Booze and 
S. M. Phelps' and probably represents a Clarion 
plastic fire clay. There was an endothermic reaction 
starting about 275°C and continuing to 650°C, which reached a maxi- 
mum intensity about 565°C. (See Fig. 4, No. 12.) This reaction 
absorbed approximately 105 calories per gram of air-dried (65°C) clay. 
This was rather large compared to the Ohio and Pennsylvania fire clays. 
An exothermic reaction started at about 905°C and extended to 990°C 
liberating about 15 calories per gram of air-dried (65°C) clay. The 
values for the interval specific heats from 0 to ¢°C are shown in 
Table XII. 


TABLE XI TABLE XII TABLE XIII 

rS Interval specific FC Interval specific fC Interval specific 

heat heat heat 
107 .322 115 .352 105 .328 
150 .336 160 .369 149 .337 
211 .352 224 .389 211 .352 
242 .358 255 .399 242 .359 
292 .367 306 411 291 .367 
338 .373 350 .424 336 .375 
388 .382 399 435 387 .382 
436 .390 446 .448 433 .394 
476 .406 492 .460 477 .405 
508 .427 534 .478 505 .430 
536 .449 567 .499 530 .454 
588 .446 598 599 .438 
688 .429 674 .499 669 .429 
725 .429 734 .496 725 .428 
775 .429 785 .498 747 .429 
825 .432 834 .501 825 .431 
875 .433 883 .503 874 .433 
924 -435 932 .506 924 .435 
999 .423 991 .501 1049 .403 
1027 .438 1036 .510 1025 .439 
1074 .439 1074 -515 1069 .441 


This sample was obtained from the Savage Moun- 
tain Fire Brick Company, Frostburg, Maryland. 
It was no doubt one of the highest type Clarion 
flint clays in the district. There was an endothermic reaction beginning 
at 235°C and continuing to 575°C, which reached a maximum intensity 
at 525°C. (See Fig. 2, No. 13.) The reaction absorbed about 90 calories 
per gram of air-dried (65°C) clay. An exothermic reaction started at 
925°C and continued to 1050°C liberating about 37 calories per gram 
of air-dried (65°C) clay. The values for the interval specific heats from 
0 to ¢°C are given in Table XIII. 


Maryland Smooth 
Flint Clay 


1 Loc. cit. 
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‘ : .. This sample was obtained from M. C. Booze 
Missouri Raw Plastic Th 
Clay (B 291) and S. M. Phelps. ere was an endo ermic 

reaction starting at 260°C, continuing to 640°C, 
which reached a maximum at about 585°C. (See Fig. 3, No. 14.) This 
reaction absorbed approximately 105 calories per gram of air-dried 
(65°C) clay. An exothermic reaction began at 925°C and continued to 
1005°C liberating about 22.5 calories per gram of air-dried (65°C) clay. 
The values for the interval specific heats from 0 to ¢°C are shown in 
Table XIV. 
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Fic. 3—Number of calories required to heat one gram of the following clays from 
0 to #°C, 

No. 2.—(Lower Kittanning) Ohio plastic fire clay. 

No. 3.—(Clarion) Ohio plastic fire clay. 

No. 14.—Missouri raw plastic fire clay (B291). 

No. 15.—Missouri select crude pot clay. 

No, 20.—Colorado plastic fire clay. 

No. 24.—Bedford shale. 

No, 26.—Fire clay; Hydraulic Brick Co., St. Louis, Mo. 

No. 27.—Fire clay; Kittanning Firebrick Co., Kittanning, Pa. 

No. 28.—Fire clay; National Fireproofing Co., Haydensville, Ohio. 

No. 29.—Clay; Bradford Brick and Tile Co., Bradford, Pa. 

No. 30.—Surface clay; Peoria Brick and Tile Co., Peoria, III. 

No. 31.—Surface clay; Cleveland Builders Supply Co., Cleveland, Ohio. 

No. 32.—Clay and Shale; Alton Brick Co., Alton, III. 

No. 33.—Shale; Metropolitan Paving Brick Co., Canton, Ohio. 

No. 34.—Shale; Veedersburg Paving Co., Veedersburg, Ind. 

Nore: Owing to the marked similarity of the curves in Fig. 3, only a few are in- 
cluded. 
This sample was obtained from M. C. Booze and 
S. M. Phelps.!. There was an endothermic reaction 
starting at 250°C and continuing to 675°C, which 
reached a maximum intensity at 565°C. (See Fig. 3, No. 15.) This 


Missouri Select 
Crude Pot Clay 


1 Loc. cit. 
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reaction absorbed about 85 calories per gram of air-dried (65°C) clay. 
An exothermic reaction began at 875°C, continuing to 960°C, liberating 
25 calories per gram of air-dried (65°C) clay. This clay greatly re- 
sembled a plastic clay in these reactions. The values for the interval 
specific heats are shown in Table XV. 


TABLE XIV TABLE XV TABLE XVI 
FC Interval specific eC Interval specific FC Interval specific 
heat heat eat 
109 .361 115 .312 108 .313 
153 .329 158 .331 154 ey 
216 .344 219 211 
248 .350 252 .358 242 .358 
300 .357 304 .366 291- .368 
345 .365 350 .374 336 .375 
393 .376 400 .385 385 .384 
440 .387 449 .394 432 394 
491 .393 494 .406 478 .404 
530 .410 535 .422 524 -415 
562 .429 564 555 .434 
576 .456 595 .458 566 .464 
654 .439 676 .441 596 .481 
724 .429 730 .442 704 .441 
776 .429 780 .443 768 .433 
827 .430 831 .445 820 .434 
876 .432 880 .447 870 .435 
929 .432 957 .436 921 .436 
1008 .420 981 .448 1055 .401 
1031 .437 1032 .453 1025 .439 
1077 .438 1077 .455 , 1068 .442 


This sample was obtained from the A. P. Green 
Brick Company, Mexico, Missouri. There was an 
endothermic reaction starting at 235°C and con- 
tinuing to 700°C, which reached a maximum intensity at 565°C. (See 
Fig. 4, No. 16.) This reaction absorbed about 125 calories per gram 
of air-dried (65°C) clay. An exothermic reaction began at 925°C con- 
tinuing on to 1055°C, which liberated 45 calories per gram of air-dried 
(65°C) clay. This flint clay showed a considerably greater magnitude 
for these reactions than any other flint clays. The values for the 
interval specific heats are shown in Table XVI. 

This sample was obtained from the Mellon Institute. 
There was an endothermic reaction starting at 250°C 
and continuing to 650°C, which reached a maximum 
intensity at 525°C. (See Fig. 2, No. 17.) The reaction absorbed about 
75 calories per gram of air-dried (65°C) clay. An exothermic reaction 
started at 885°C and continuing to 990°C, which liberated about 13 
calories per gram of air-dried (65°C) clay. Attention is called to the 
marked similarity between this clay and the Burley flint clay of Penn- 
sylvania. The values for the interval specific heats are given in Table 


XVII. 


Missouri Smooth 
Flint Clay 


Missouri 
Diaspor Clay 
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This sample was obtained from M. C. Booze and 
S. M. Phelps! and probably represents a Sciotoville 
Kentucky semiflint clay worked in the Olive Hill 
district. There was an endothermic reaction starting at 225°C and 
extending to 650°C, which reached a maximum at about 580°C. (See Fig. 
1, No. 18.) The reaction absorbed 105 calories per gram of air-dried 


Kentucky Hard 
Semiflint Clay 


S 


Calories per Gram 
& 


100. 300 400 500 600 700 800 900 1/000 //00 
Degrees 


Fic. 4.—Number of calories required to heat one gram of the following clays from 
0 to #°C. 

No. 9.—Pennsylvania (Clearfield County) semiflint fire clay. 

No. 12.—Maryland plastic fire clay. 

No. 16.—Missouri smooth flint fire clay. 

No. 19.—Kentucky flint clay. 

No. 21.—Colorado semiflint clay. 

No. 22.—“Bottom sandy”’ New Jersey fire clay. 

No. 23.—New Jersey No. 1 fine clay. 

No. 25.—A1 English china clay. 


(65°C) clay. An exothermic reaction began at 925°C and continued 
to 1030°C, liberating about 32.5 calories per gram of air-dried (65°C) 
clay. This clay rather closely resembled other semiflint clays in magni- 
tude of reactions. The values for the interval specific heats are shown 
in Table XVIII. 

, This sample was also obtained from M. C. Booze 
Reatuety 7at Clay and S. M. Phelps' and probably resembled a 
high grade Sciotoville flint clay of the Olive Hill district. There was an 
endothermic reaction starting at 235°C and continuing on to 650°C, 
which reached a maximum intensity about 560°C. (See Fig. 4, No. 19.) 
The reaction absorbed approximately 110 calories per gram of air-dried 
(65°C) clay. An exothermic reactions tarted about 875°C and continued 


1 Loc. cit. 
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to 960°C liberating about 25 calories per gram of air-dried (65°C) clay. 
This was typical of other flint clays run. The values for the interval 
specific heats are shown in Table XIX. 


TABLE XVII TABLE XVIII TABLE XIX 

FC Interval specific eC Interval specific FC Interval specific 

heat heat heat 
111 311 113 .304 109 .339 
155 .325 158 .319 155 .350 
219 .338 223 .333 218 .367 
252 .344 253 .342 252 .372 
302 .354 304 SO 302 .383 
347 .364 349 .362 349 .391 
396 © .374 398 .372 398 .401 
443 .384 447 .381 444 .414 
489 .395 492 .393 490 .426 
516 .421 536 .406 529 .443 
548 .439 574 .420 560 .464 
581 582 578 .490 
660 .435 664 .432 666 -465 
731 .425 729 .426 727 .461 
781 .426 782 .426 779 .462 
830 .429 833 .427 828 .464 
879 .431 882 .429 880 .465 
934 .430 931 .431 957 .453 
992 .427 1030 980 .466 
1031 -436 1035 -435 1032 -471 
1076 .438 1078 .438 1076 .474 


This sample was obtained from M. C. Booze and 
S. M. Phelps.! There was an endothermic reaction 
beginning at 225°C which continued to 650°C, 
reaching a maximum intensity at about 565°C. (See Fig. 3, No. 20.) 
This reaction absorbed 65 calories per gram of air-dried. (65°C) clay. 
An exothermic reaction began at 885°C, continuing to 985°C, and 
liberated about 17.5 calories per gram of air-dried (65°C) clay. Atten- 
tion is called to the marked characteristics of this clay with other 
plastic clays run. The values for the interval specific heats are shown 


in Table XX. 


Colorado Plastic 
Fire Clay 


. This sample was obtained from M. C. Booze and 
flint Clay S. M. Phelps.! There was an endothermic reaction 

starting at 225°C and continuing to 665°C, which 
reached a maximum intensity at 570°C. (See Fig. 4, No. 21.) The reac- 
tion absorbed 120 calories per gram of air-dried (65°C) clay. There was 
an exothermic reaction starting at 925°C which continued to 1000°C, 
liberating 20 calories per gram of air-dried (65°C) clay. The values for 
the interval specific heats from 0 to ¢°C are given in Table XXI. 
This sample was obtained from Valentine 
Brothers, Woodbridge, New Jersey. No analy- 
sis was available. 


New Jersey ‘‘Bottom 
Sandy” Clay 


1 Loc. cit. 
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There was an endothermic reaction starting at 275°C and con- 
tinuing to 690°C, which reached a maximum intensity at 570°C. (See 
Fig. 4, No. 22.) The reaction absorbed 120 calories per gram of air- 
dried (65°C) clay. An exothermic reaction began at 900°C and con- 
tinued to 1035°C, liberating about 37.5 calories per gram of air-dried 
(65°C) clay. The values for the interval specific heats from 0 to #°C 
are shown in Table XXII. 


TABLE XX TABLE XXI TABLE XXII 

£C Interval specific FC Interval specific fC Interval specific 

heat heat heat 
110 .313 114 .354 108 .320 
156 .322 157 .375 149 .338 
217 .342 220 .396 214 .346 
248 .350 253 .402 246 .353 
297 .361 304 .413 295 .363 
341 .370 349 .425 340 .371 
389 .380 398 .437 389 .380 
437 .389 446 .449 434 .392 
484 .399 492 .461 481 .402 
531 .409 535 .477 525 .414 
565 .426 562 .503 556 .433 
594 .442 579 .532 571 .460 
666 .431 663 .508 604 .475 
721 .430 730 .499 714 .435 
772 .431 781 .500 770 .432 
821 .433 831 .502 821 .433 
872 .434 880 .505 872 .434 
922 -435 930 .507 924 .435 
984 .430 1001 .497 1034 .409 
1026 .439 1033 511 1026 .439 
1070 .441 1077 .514 1070 .441 


This sample was obtained from M. C. Booze and 
S. M. Phelps.' There was an endothermic reaction 
starting at 250°C which continued to 625°C, reach- 
ing a maximum intensity at 565°C. (See Fig. 4, No. 23.) The reaction 
absorbed about 115 calories per gram of air-dried (65°C) clay. An 
exothermic reaction started at 940°C, continuing to 1040°C, liberating 
32.5 calories per gram of air-dried (65°C) clay. This was in very 
close agreement with Georgia kaolin and secondary kaolins run by 
A. E. MacGee. The values for the interval specific heats are given in 


Table XXIII. 

This sample was obtained from the Franklin Brick and 
Bodforé Shale Tile Company, Taylor Station, Ohio. There was an 
endothermic reaction starting at 285°C which continued to 600°C, 
reaching a maximum intensity at 540°C. (See Fig. 3, No. 24.) This 
reaction absorbed 45 calories per gram of air-dried (65°C) shale. There 
also appeared to be a slight endothermic reaction between 100°C and 
200°C. An exothermic reaction appeared between 915 and 995°C of 


New Jersey No. 1 
Fine Clay 


1 Loc. cit. 


= 
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about 10 calories per gram of air-dried (65°C) shale. The values for 
the interval specific heats are given in Table XXIV. 


TABLE XXIII TABLE XXIV TABLE XXV 
£C Interval specific FC Interval specific FC Interval specific 
heat heat heat 
111 .364 112 .320 116 .338 
154 .384 155 .378 161 .357 
219 .397 219 sak 223 .380 
252 .404 252 .358 255 .390 
304 .414 302 .367 305 .401 
348 .426 349 .375 349 .414 
396 .438 398 .386 397 .427 
442 .452 448 .395 446 .437 
486° .466 496 .404 493 .448 
529 .482 540 .418 538 .462 
555 .509 576 .434 569 .484 
568 .543 623 .437 578 .519 
645 .522 679 .439 613 .536 
724 .504 730 -442 698 .508 
776 .504 781 .443 777 .490 
827 .505 830 -445 830 .490 
878 .506 879 .447 881 .492 
929 .508 928 .449 931 .494 
1040 .478 979 .449 1037 .467 
1029 mK 1031 .453 1035 .497 
1074 .515 1077 .455 1074 .502 


, This sample was furnished by Hammill and Gillespie 
A-1 English 
China Clay Inc., the same sample A. E. MacGee ran but re-ran as a 
check. An endothermic reaction began at 250°C, con- 
tinuing to 650°C which reached a maximum at about 575°C. (See Fig.4, 
No. 25.) The reaction absorbed 120 calories per gram of air-dried (65°C) 
clay. An exothermic reaction began at 975°C and extended to 1040°C, 
liberating 37 calories per gram of air-dried (65°C) clay. Dr. MacGee 
obtained 123 calories per gram and 35 calories per gram for the respec- 
tive endothermic and exothermic reactions at nearly identical tem- 
peratures, a very close check. The values for the interval specific heats 
are given in Table XXV. 


Résumé of Results 


An endothermic reaction occurred at about 565°C, 
amounting to approximately 82 calories per gram 
of air-dried (65°C) clay. An exothermic reaction occurred at about 
945°C, amounting to approximately 18 calories per gram of air-dried 
(65°C) material. About 430 calories were required to heat one gram of 
air-dried (65°C) plastic fire clay from 0 to 1000°C. 

An endothermic reaction occurred at about 520°C, 
amounting to approximately 73 calories per gram of air- 
dried (65°C) clay. An exothermic reaction occurred at 
about 945°C, amounting to approximately 15 calories per gram of air- 


Plastic Fire Clays 


Burley Flint 
Fire Clay 


| 
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dried (65°C) clay. About 425 calories were required to heat one gram 
burley flint fire clay from 0 to 1000°C. 


TABLE XXVI 
PLAsTic FrrE CLAy 
KNaO Ca0+MgO Total RO Endothermic Exothermic SiO; Al,O; Total heat 


cal/gram cal/gram to 1000° 
C cal/gram 

Maryland 1.39 71 2.10 105 15 53 34 500 
Missouri select 

crude pot .48 1.22 1.70 85 7.5 55 29 445 
Colorado 1.37 62 1.99 65 17.5 71 19 435 
Clarion (Ohio) 1.64 25 1.89 72.5 20 54 27 430 
Lower Kittanning 

(Ohio) 3.50 1.08 4.58 75 13 58 24 430 
Tionesta (Ohio) 2.90 .54 3.44 63 10 60 22 430 
Missouri raw 

plastic .97 1.06 2.03 105 22.5 50 33 420 
Pennsylvania 

bond 1.57 ta 2.29 82.5 17 45 37 420 


BURLEY FLINT FIRE CLAY 


Missouri .97 .38 1.35 75 13 28 54 430 
Pennsylvania 1.16 41 1.57 70 17 30 50 420 
SMOOTH FLINT FIRE CLAY 

Kentucky .42 e 1.13 110 25 41 37 475 
Missouri .99 .14 1.13 125 45 42 41 425 
Lower Kittanning 

(Ohio) 20 25 45 107 30 49 31 425 
Oak Hill (Ohio) Be | .53 -80 98 25 54 30 425 
Sciotoville (Ohio) .66 45 1.11 95 28 5 30 425 
Maryland trace 13 im 90 37 50 40 425 
Pennsylvania 1.46 68 2.14 80 20 40 39 425 

SEMIFLINT FIRE CLAY 

Colorado .37 .63 1.00 120 20 49 35 500 
Sciotoville (Ohio) 1.05 .79 1.84 115 24 41 32 420 
Kentucky .93 .94 1.87 105 32.5 43 37 420 


An endothermic reaction occurred at about 570°C, 
amounting to approximately 100 calories per gram of 
air-dried (65°C) clay. An exothermic reaction occurred 
at about 970°C, amounting to approximately 30 calories per gram of 
air-dried (65°C) clay. About 425 calories were required to heat one 
gram of smooth flint clay from 0 to 1000°C except in the case of the 
Kentucky smooth flint which required 475 calories. 

An endothermic reaction occurred at about 575°C, 
amounting to approximately 115 calories per 
gram of air-dried (65°C) clay. An exothermic reaction oceurred at 
about 965°C, amounting to approximately 25 calories per gram of 
air-dried (65°C) clay. These do not include the Pennsylvania semiflint 
clay which no doubt was an abnormal case. About 440 calories were 
required to heat one gram of semiflint fire clay from 0 to 1000°C. 


Smooth Flint 
Fire Clay 


Semiflint Fire Clay 


— 
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s An endothermic reaction occurred at about 575°C, 
A-1 English ‘ 
China Clay amounting to approximately 120 calories per gram of 
air-dried (65°C) clay. An exothermic reaction occurred 
at about 985°C, amounting to approximately 37 calories per gram of 
air-dried (65°C) clay. About 480 calories are required to heat one gram 
of air-dried (65°C) English china clay from 0 to 1000°C. 
An endothermic reaction occurred at about 556°C, 
No. 1 Fine Clay amounting to approximately 115 calories per gram of 
air-dried (65°C) clay. An exothermic reaction 
occurred at about 990°C, amounting to approximately 33 calories per 
gram of air-dried (65°C) clay. About 500 calories ‘were required to 
heat one gram of air-dried (65°C) New Jersey No. 1 fine clay from 0 
to 1000°C. The calory-temperature curve for this clay resembled very 
closely that of a kaolin. 
An endothermic reaction occurred at about 
570°C, amounting to approximately 120 calories 
per gram of air-dried (65°C) clay. An exother- 
mic reaction occurred at about 920°C, amounting to approximately 38 
calories per gram. About 425 calories are required to heat one gram of 
New Jersey ‘“‘Bottom Sandy” Clay from 0 to 1000°C. 
Bedford Shale An endothermic reaction occurred at about 540°C, 
amounting to approximately 45 calories per gram of 
air-dried (65°C) shale. An exothermic reaction occurted at about 
955°C, amounting to approximately 10 calories per gram of air-dried 
(65°C) shale. About 450 calories were required to heat one gram of 
Bedford shale from 0 to 1000°C. 


TaBLE XXVII 


New Jersey ‘‘Bottom 
Sandy” Clay 


Type of Clay Endothermic Reaction Exothermic Reaction Heat required 
temperature °C cal/gr temperature °C cal/gr 0 to 1000°C 
(cal./gr) 

Burley 520 73 945 15 425 
Plastic 565 82 945 17.5 430 
Smooth flint 570 100 970 30 425 
Semiflint 575 115 965 25 440 

The following are results obtained by A. E. MacGee 
Kaolins 575 100 960 25 500 
Fire brick 550 55 950 9 425 
Ball clays 550 90 975 5 450 
Diaspor 525 100 0 450 


Of the plastics, smooth flint, and burley flint fire clays, the Missouri 
fire clays showed the maximum endothermic reaction. Of the semiflint, 
smooth flint, and burley flint fire clays, the Pennsylvania clays showed 
a low endothermic reaction. Table X XVI shows the chemical compo- 
sition and the various heat values of the clays. A careful study of the 
composition of the different clays, shows no definite relationship 
existing between the magnitude of the endothermic reaction, magnitude 
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of exothermic reaction, and heat of summation up to 1000°C and 
chemical composition. 

The following Table XXVII shows the average temperatures and 
values for the endothermic, exothermic reactions, and total heat to 
1000°C for the different types of fire clays. 

The calory-tempe:ature curve for the burley flint clays and plastic 
fire clays seemed to resemble one another very closely. The burleys 
being slightly less than the plastics, required a little less total heat at 
1000°C. It may be that the burley flint clays represent a more advanced 
type of kaolinized, weathered, and reworked clay than the plastics and 
hence the plastics having a greater content of total alkalis require the 
greater amount of heat to fire them to 1000°C. 

The flint and semiflint clays no doubt represent stages between 
plastic and burleys as to the extent of kaolinization, weathering, and 
reworking and it may be at this state a peak is reached which required 
more heat in these endothermic and exothermic reactions. The calory- 
temperature curve for the flints and semiflints resembled one another 
very closely. The semiflints required a little greater heat to 1000°C. 
Attention is called to the marked similarity in the calory-temperature- 
curve of the flint clays and the kaolins. 

The firebrick bodies run by A. E. MacGee contained some grog 
which no doubt accounts for the less heat required to fire them. 


Appendix 


Use of Interval Specific Data in Heat-Balances 

The heat-balances were made by the Fuel Division of the U. S. 
Bureau of Mines from data obtained by thirteen and one-half months 
field work at various heavy clay plants, with the Bureau of Mines 
laboratory car, Holmes. The original specific heat values were taken 
from the Gas World for the diffusivity and conductivity of firebrick 
and fireclay material. 

The following are the results in detail of the interval specific heats of 
several clays used in the heavy clay investigation conducted by the 
Bureau of Mines. 

There was an endothermic reaction between 
225°C and 575°C, reaching a maximum about 
500°C. (See Fig. 3, No. 26.) The reaction 
absorbed about 47 calories per gram of air-dried 
(65°C) clay. A slight exothermic reaction appeared between 950°C 


Fire Clay, Hydraulic 
Brick Co., 
St. Louis, Mo.* 


1A. L. Green, “The Thermal Conductivity of Refractory Material at High Tem- 
peratures,’”’ Gas World, p. 13, July 1 (1922). 
2 Kiln No. 5B in Table XXXVIII. 
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and 1000°C of about 5 calories per gram of air-dried (65°C) clay. The 
values for the interval specific heats are given in Table X XIX. 
There was an endothermic reaction between 
200°C and 590°C, reaching a maximum about 
525°C. (See Fig. 3, No. 27.) The reaction 
absorbed about 50 calories per gram of air-dried 
(65°C) clay. An exothermic reaction appeared between 900°C and 
980°C of about 17 calories per gram of air-dried (65°C) clay. The 
values for the interval specific heats are shown in Table XXX. 


Fire Clay, Kittanning 
Firebrick Co., 
Kittanning, Pa.' 


TABLE XXIX TABLE XXX TABLE XXXI 
fC Interval specific fC Interval specific eC Interval specific 
heat heat heat 
98 .352 102 .336 99 .347 
142 .354 151 .332 150 .335 
213 .347 215 .345 214 .346 
246 .352 248 .349 247 .350 
296 .361 297 .360 297 .360 
342 .370 343 .368 346 .364 
391 .379 393 .376 399 371 
448 .379 440 .387 453 .376 
483 .400 487 .396 489 .395 
512 .423 523 -415 520 .418 
556 .433 567 .425 565 .427 
613 .428 618 .425 619 .423 
672 .427 673 .427 673 .426 
725 .428 726 .427 725 .428 
776 .429 776 .429 774 .430 
826 .431 826 .431 825 .431 
875 -432 876 .432 873 433 
925 .434 925 .434 922 
983 .431 980 .432 982 .431 
1027 .438 1028 .438 1026 .439 
1072 .440 1074 .439 1071 .440 


There wasan endothermic reaction between 200°C 
and 575°C, reaching a maximum at about 500°C. 
(See Fig. 3, No. 28.) The reaction absorbed 
about 55 calories per gram of air-dried (65°C) 
clay. An exothermic reaction appeared between 885°C and 985°C of 
about 15 calories per gram of air-dried (65°C) clay. The values for the 
interval specific heats are shown in Table XX XI. 
Shale Bradford There was an endothermic reaction between 200°C 
. p and 700°C. (See Fig. 3, No. 29.) The reaction 
Brick and Tile Co., 
Bradford, Pa.’ absorbed about 33 calories per gram of air-dried 
(65°C) clay. A slight exothermic reaction ap- 
peared between 900°C and 1000°C of about 10 calories per gram of air- 
dried (65°C) clay. The values for the interval specific heats are shown 
in Table XXXII. 


1 Kiln No. 9B in Table XX XVIII. 
? Kiln 3B in Table XX XVIII. 
* Kiln 10B in Table XX XVIII. 


Fire Clay, National 
Fireproofing Co., 
Haydensville, Ohio* 
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There was an endothermic reaction between 
y° 200°C and to 650°C. (See Fig. 3, No. 30.) 
Brick and Tile Co.., 
Peoria, Ill The reaction absorbed about 35 calories per 
se gram of air-dried (65°C) surface clay. A 
slight exothermic reaction appeared between 900°C and 1000°C of 
about 10 calories per gram of air-dried (65°C) surface clay. The values 
for the interval specific heats are shown in Table XXXIII. 


TABLE XXXII TABLE XXXIII TABLE XXXIV 
£C Interval specific FC Interval specific £C Interval specific 

heat heat heat 

100 .342 109 .314 103 .334 
150 .336 154 326 151 .332 
214 .347 217 .342 215 344 
245 .353 249 .348 248 .349 
296 .362 304 .352 301 .356 
342 .369 355 .355 353 .358 
392 377 403 .367 397 .372 
439 .388 466 .365 444 .383 
485 .399 498 -388 490 .393 
527 .412 533 .407 532 .408 
576 .418 580 .415 577 .417 
622 .422 625 .419 620 .423 
674 .426 675 .425 669 .428 
725 .428 723 .430 717 .432 
774 .430 775 .429 760 .438 
824 .431 824 .432 823 .432 
871 -435 875 .433 872 .434 
921 .436 924 .435 922 .435 
971 .436 975 .434 972 -435 
1025 .439 1027 438 1026 .438 
1070 .441 1072 .44) 1071 .441 


Surface Clay: Cleveland There wes endothermic seertien. starting 
. ‘ at 200°C and continuing to 625°C. (See 
Builders’ Supply Co., 
. Fig. 3, No. 31.) The reaction absorbed 
about 37 calories per gram of air-dried 
(65°C) surface clay. A slight exothermic reaction appeared between 
925°C and 1000°C of about 5 calories per gram of air-dried (65°C) 
surface clay. The values for the interval specific heats are shown in 
Table XXXIV. 


Clay and Shale There was an endothermic reaction starting at 
y ‘ 225°C and continuing to 600°C. (See Fig. 3, No. 32.) 
Alton Brick Co., 
Alton. Ill. The reaction absorbed about 25 calories per gram 
oa of air-dried (65°C) clay and shale. There was no 
visible or noticeable exothermic reaction at about 975°C as was noted 
in other samples. The values for the interval specific heats are shown 


in Table XXXV. 


Kiln 12B in Table XX XVIII. 


HEAT REQUIRED TO FIRE CERAMIC BODIES 917 


TABLE XXXV TaBLeE XXXVI TABLE XXXVII 

FC Interval specific eC Interval specific a Interval specific 
heat heat heat 

109 .314 107 .322 105 .327 
154 .327 152 .332 151 .333 
218 .339 216 .344 215 .345 
253 .343 248 341 249 .348 
310 .345 299 .358 302 .354 
363 .348 348 .362 352 .359 
410 .361 398 .371 398 .371 
467 .364 448 .380 456 .373 
498 .387 489 .395 513 .376 
535 .406 527 .412 531 .409 
584 .412 576 .418 577 .417 
628 .417 622 .421 620 .423 
678 .423 673 .426 674 .426 
729 -425 722 .429 724 .428 
777 .428 771 .432 772 431 
826 .431 821 -433 822 .433 
876 .432 870 .435 871 .435 
924 -435 919 .437 920 .436 
975 .434 970 -436 971 .436 
1027 .438 1021 .441 1023 .440 
1073 .440 1066 .442 1069 .441 


There was an endothermic reaction starting 
at 200°C, continuing to 600°C, reaching a 
maximum intensity at about 515°C. (See Fig. 
3, No. 33.) This reaction absorbed about 57 
calories per gram of air-dried (65°C) shale. An exothermic reaction 
appeared between 935° and 985°C of about 10 calories per gram of air- 
dried (65°C) shale. The values for the interval specific heats are shown 
in Table XXXVI. 


Shale: Veedersburg 
Paving Co., 
Veedersburg, Indiana’ 


Shale: Metropolitan 
Paving Co., 
Canton, Ohio! 


There was an endothermic reaction starting 
at 200°C and continuing to 650°C, which 
reached a maximum intensity at 525°C. (See 
Fig. 3, No. 34.) This reaction absorbed about 
32 calories per gram of air-dried (65°C) shale. An exothermic reaction 
appeared between 910°C and 1015°C of about 12 calories per gram of 
air-dried (65°C) shale. The values for the interval specific heats are 
shown in Table XXXVII. 

The heat-balances using these new figures for interval specific heat 
(.435-.442) instead of those taken from A. L. Green® (.257-.281) are 
shown in Table XX XVIII. The heat-balances come very near closing 
in all cases which means that the entire amount of heat put into the 
kiln can be accounted for. The kiln efficiencies (heat actually stored 
in setting) are shown to be considerably higher, 20 to 30% against 12 to 
19%, using the original data. 

Kiln 4B in Table XX XVIII. 

? Kiln 7B in Table XX XVIII 


3 Loc. cit. 
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ITEMS REQUIRING CONSIDERATION IN UNDER- 
GROUND CLAY MINING! — 


By R. H. Hearinc anp C. F. Terrt 


ABSTRACT 
Two systems, the ‘‘advancing system” and “‘retreating system,’ of operating the 
usual method of clay mining called ‘‘room and pillar work’’ are considered. The ad- 
vantages and disadvantages of each system are presented. Details incident to mining, 
such as concentration of working area, frequent mapping of survey, haulage ways, 
room necks, pillars, and timbering are discussed. 


‘ 


It is safe to say that no underground clay mine, over an active 
period of ten years, can be operated with any degree of economy 
without a well-outlined system suitable to the conditions of that 
particular mine, not only for present operations but also for work that 
is to be done many years later. This paper offers a few suggestions that 
may lead to more careful planning of clay mining. 

The mining of clay for manufacturing directly into ware is, as a 
general rule, a different proposition from that where the mining is the 
major part of the enterprise and the earnings are derived from the 
sale of the mined material as is the case with coal. The mine at a clay 
plant is simply one of the many departments and oftentimes it is 
operated without careful management. Under these conditions it can 
easily become a weak link in the chain of manufacturing and a hiding 
place for many uneconomical methods. 

The usual method of clay mining is called ‘‘room and pillar work.”’ 
This method can be operated by two sys- 
tems, namely the ‘“‘advancing system”’ and 
the “retreating system.’’ These two systems 
or a combination of the two should be given 

consideration when planning the develop- 
ENTRIES ment of a mine. 


With the advancing sys- 
tem the mining is begun 
off the entries near the 
Fic. 1.—Advancing. mine opening by starting the usual method 
of rooms and pillars. The seam is then 
worked by continuing the rooms and entries to the property limits. 
This system is shown in Fig. 1. 
With the retreating system the main entries are 
driven to the boundary line as rapidly as possible. 
Rooms and entries are then started at the outer 
limits and the whole territory mined by retreating toward the mine 


The Advancing 
System 


The Retreating 
System 


1 Presented at the Annual Meeting, Amekican Ceramic Society, Detroit, Mich., 
February, 1927. (Heavy Clay Products Division.) 
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entrance. This system is by far the more economical of the two through- 
out a period of years. It has not been used much in this country due 
to the greater first cost of opening the mine. This system is shown 
without detail in Fig. 2. 
There are two main 
objections to the re- 
treating system both of 
which work a financial 
hardship the first few 
months of operation: (1) 
the expense of driving 
the entries to the bound- 
ary line must be borne 
before the required out- 
put can be reached, and 
(2) the time required to Fic. 2.—Retreating. 
carry out this develop- 
ment may cause a delay in plant production. Everything else is in 
favor of the retreating system because of the much lower cost of road- 
way maintenance; a better control of roof and ventilation, a smaller 
timber consumption with the danger of squeeze reduced to a minimum, 
a higher percentage of recovery, and a larger output per equally 
developed area at the face. 
The objections to the retreating system can be overcome by proper 
engineering methods which are shown in a general way in Fig. 3 and 
which result in the com- 
bination of the two sys- 
tems until a time when 
retreating can be em- 


+ 4 
= 
+—4 


ployed completely. Dur- 


TITTY ing this period of devel- 
‘Jo Mine MAIN ENTRIES opment when the main 


entries are being driven 
to the property limits, 
production from _ the 
faces of the parallel en- 
tries can be greatly increased by double shifting and this will in turn 
increase the rate of advance, a very important factor. 

With all systems or layouts the operations should 
be concentrated as much as possible. This is more 
important in an old mine that has been worked on 
the advance for several years than with a comparatively new mine in 
which advance has been in only one direction. Progressive companies 


Fic. 3.—Advance-Retreating. 


Concentration of 
Working Areas 
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realize large savings from the concentration of the working areas. 
All clay mines, due to their comparatively small outputs, have the 
best opportunity to take advantage of this important principle. 

By concentrating the operations and not allowing them to continue 
here, there, and everywhere it is evident that haulage, ventilation, 
and maintenance problems will be at a minimum and therefore at 
low cost. Furthermore, the rate of advance at the face is greatly 
increased leaving behind many of the roof troubles which would have 
to be paid for in timber and labor. 

The concentration of clay mining is not always a simple problem. 

Variation in the clay, striking of faulty places, bad roof, and other 
irregularities, which would result in a decrease of output would make 
concentration unprofitable. But the ever-increasing cost of hauling, 
ventilating, draining, wiring, timbering, and maintaining will justify 
holding the working to as small an area as is practical. 
Layout should be carefully prepared and 
brought to date at least every sixty days. This 
layout or map should show the history of 
past operations, including good and bad conditions. 

A mining operation, under observation, had developed several 
faults over quite a wide area, enough so that two sections of the mine 
had been abandoned. After getting these faults properly located on a 
scaled map it was decided to push through one of the faults which had 
cut off a considerable acreage of good clay. The entry had been running 
in a fault for about 150 feet with no indication of a change. The 
decision made from a study of the map proved correct. Within thirty 
feet the entry showed most promising signs and in 20 feet more the 
whole fault had disappeared and good clay was again available. 

The map should also show a complete plan or layout for future 

development of the mine. When rooms and entries are driven according 
to such a systematic layout the haulage can be greatly reduced and 
simplified and the benefits of concentration effected with the least 
amount of trouble. 
The maintenance of haulage ways is always impor- 
tant in mining. With the advancing system, if 
particular attention is not given to the driving of the entries they will 
become sources of serious expense. 

It is very important to guard against making entries too wide. 
Wide entries make it easy for the miner but bad for the owner. The 
advantage to the miner comes if he is working on a tonnage basis. 
A wide entry yields more clay with less work in drilling and shooting 
and also less work in laying track. 


Frequent Mapping of 
Survey Important 


Haulage Ways 
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Entries in the average clay mine should never exceed twelve feet in 
width and this is too wide in many cases. Bad roof is occasionally 
encountered due to faults, surface leaks, and changes in roof structure. 
When the roof is bad the entry should be immediately narrowed to the 
least width possible, and this width maintained until the roof resumes 
its normal structure. Miners as a rule refuse to drive narrow entries 
on the regular entry tonnage rate, because the tonnage decreases as 
the entry is narrowed. It is better to 
pay on the hourly basis, or on rate 
per foot advance, or to increase the 
tonnage rate. This would cost less 
than timbering and cleaning up the 
subsequent roof falls. 

Narrow entries are 
more economical ; the 
wider the entry the shorter its life 
with increased cost of roadway main- 
tenance. Care should*be exercised 
in driving room necks as well as 
entries. The wider the neck the 
larger the area of unsupported roof 
at the intersection of the room and 
entry. They should, therefore be 
only wide enough to provide space 
for haulage to and from the rooms. 
When driven wide throughout or 
started wide and narrowed as in 
Fig. 4, they miss their purpose of 
furnishing ample roof support. 
Pillars Since the room and pillar 

method is almost univer- 
sally used in clay mines, the question 
naturally arises, in the discussion of recovery, as to the size of rooms and 
pillars. The answer to this question depends upon many things peculiar 
to the conditions in each mine such as the strength of roof and bottom, 
roof pressure, the strength of the clay in place, together with the 
thickness of the seam and the disintegrating of the clay on exposure to 
the air. 

The problem of pillars is more easily solved with the retreating 
system. It is better from a safety standpoint to have them exceedingly 
large rather than too small but in this, if the pillars are not drawn, 
the recovery will be materially reduced, thus increasing the cost of 
development, haulage, and maintenance per ton of clay mined. On the 


Room Necks 


PILLAR 


WARROW 


ROOM 


Fic. 4.—Room necks 
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other hand if the pillars left are too small to support the overburden, 
squeeze, creep, and other irregularities will result. If a mine is working 
on the advance and a squeeze develops and extends beyond the entries 
it will tend to spread to the old workings between the face and the 
mine entrance, and if not attended to immediately a new mine entrance 
may be found necessary. 

The price of timber has greatly increased and this cost 
alone is one which must be reckoned with. The practice 
of using wood for tracking in a room came into use years ago when the 
price of timber was low and its quality high. Today, the price is high 
and the quality low. Wood when used for rails barely outlasts the life 
of the room, whereas iron rails last indefinitely, require few ties when 
used in rooms, and can be removed very easily when the room is 
completed. 

No mention is made of systems of posting rooms and entries, of 
ventilation, drainage, hauling systems, or methods of loosening the clay, 
which would cover the care and use of explosives. It is hoped, how- 
ever, that this short paper will stimulate interest in the subject, and 
that additional papers covering these divisions of the work of mining 
will be forthcoming. 


Timbering 
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A NOTE ON THIXOTROPY IN CLAYS 


By H. H. STEPHENSON 


ABSTRACT 


Thixotropy explains why potters in different plants, even when they buy the same 
clay, get different results. 


Thixotropy is the phenomenon of a coagulated sol being liquified by 
shaking, coagulation being set up again by stopping the agitation. The 
hydroxides of Al and Fe are good examples of the effect. 

Thixotropy is a word invented by the eminent German colloid 
chemist, Freundlich, to explain the behavior of Al(OH); and Fe(OH); 
on shaking. It is of compound Greek origin. Trope, meaning a variety, 
is a common ending in colloid terminology. Thixo (@:é# the act of 
touching or handling) is an older form of thingano (@:yyarvw) from which 
the Latin “‘tango”’ and the English “thing” are derived. Thus a thixo- 
trope is something which changes with handling. Clay is a thixotrope, 
or perhaps it would be more correct to say that the colloids in clay 
are thixotropes. 

To potters, thixotropy has the following connotations: (1) Clay may 
be altered in behavior by merely digging it out of its bed, and by the 
method chosen of so digging. (2) Pugging, blunging, and all similar 
and subsequent operations such as throwing on the wheel, will alter 
the properties of the clay according to their method, duration, and 
intensity. (3) Slip-casting is a process peculiarly liable to the effects of 
thixotropy. 


BRANTFORD, ONT., CANADA, 
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Abrasives 


History and development of abrasives. ANON. Amer. Glass Rev., 46 [46], 15-17, 
36-37 (1927).—The original types of abrasives were the grindstone and whetstone, 
derived from natural rock. The cutting agent was the grains of sand or quartz, and no 
material could be abraded or ground rapidly which was of a hardness appreciably greater 
than this mineral. Early experiments with natural abrasives were conducted by using 
pottery mixtures to hold together abrasive grains with sufficient firmness so that grind- 
ing stones could be fashioned from the mass. The natural minerals of greater hardness 
than quartz, which occur in commercial quantities, are emery and corundum. 
With these two natural minerals was started the manufacture of the grinding 
wheel. The disadvantage encountered here was the lack of uniformity of the abrasive. 
The electric furnace was beginning to assume commercial possibilities and from its use 
the modern abrasives have been evolved. Silicon carbide was discovered by Acheson 
in 1893. This is now being manufactured under various trade-mark names by several 
different companies. The next step in the development of artificial abrasives was 
made with the reproduction of the natural aluminous abrasives, emery and corundum, 
by use of the electric furnace. This was begun in 1897. The essential properties which 
make abrasives useful are hardness, toughness, and nature of fracture. Physical 
properties of aluminous abrasives can be varied over a wide range by different methods 
discussed. E.J.V. 

Abrasives in Britain. ANon. Chem. and Ind., 46, 708 (1927).—The third govern- 
ment census of production gives particulars of the output for the year 1924: emery cloth 
152,000 reams of 480 sheets, selling value £391,000; glass and sand paper 228,000 reams, 
£202,000; other abrasive papers £19,000; grinding wheels 3100 T., £442,000; other 
manufactured abrasives £39,000. The total value is £1,093,000. H.H.S. 


PATENTS 


Buffing wheel. JouN J. Fiecuter. U.S. 1,640,032, Aug. 23, 1927. A 
buffing wheel, including a hub, rings of material surrounding hub and dis- 


posed one over the other, and means intermediate each ring of material A 
binding rings on the hub. x 
Grinding wheel. BENGT 5 

M. W. Hanson. U. S. 

KN lind Zod 1,640,991, Aug. 30, 1927. 
Ware «| A wheel for grinding we 

com prising a wheel circular in cross- 
| aia section and provided with circum- 
ferential serrations on its periphery 
“ conforming generally in Cross-sec- 
= tion to a screw thread, adjacent 

= | ones of serrations being spaced a 
distance equal to a multiple of the 
distance between successive con- 
o volutions on the work, thereby pro- 


viding channels between the wheel and the work operated upon for the passage of 
a cooling fluid. 

Method of and apparatus for grinding threaded members and the like. Brno 
M. W. Hanson. U.S. 1,640,922, Aug. 30, 1927. Ina machine for grinding on metal 
work pieces convolutions corresponding in cross-section to a screw thread and in com- 
bination, means for rotatably supporting a piece of work, a grinding wheel of abrasive 


| 
j 
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.material having a plurality of spaced concentric grinding serrations adapted 
to simultaneously operate upon a plurality of convolutions on the work and spaced 
apart a distance which is a multiple of the distance between adjacent convolutions on 
the work so as to allow for passing of a cooling fluid between the grinding wheel and the 
part of each convolution on the work during the grinding operation, meansfor rotatably 
supporting the grinding wheel with its serrations in engagement with the convolutions 
on the work, and means for moving the work longitudinally. 

Grinding wheel and holder therefor. FRANK J. 
Tong. U. S. 1,641,791, Sept. 6, 1927. In a 
grinding wheel, a disk composed of bonded abrasive 
grains having a reduced hub portion on one face, 
said hub being externally threaded, and a metal 
holder screwed onto externally threaded hub portion. 

Sectional grinding wheel. Paut HERMAN 
BRANDES AND JOHN W. Apams. U. S. 1,641,799, 
Sept. 6, 1927. Ina 
grinding wheel having a pair of spaced flanges, a jaw 
arranged between said flanges for pressing a grinding 
element against one of them, and separately operatable 
means carried by the jaw for adjusting the position of 
the grinding element relative to the flanges to feed the 
element forward, and means preventing casual displace- 
ment of the jaw when the grinding element is removed 
from between the flanges, permitting manual removal of 
the jaw. ° 

Ring wheel grinder and method of making 
same. GerorGE E. Vance. U. S. 1,642,096, 
Sept. 13, 1927. The ring wheel grinder is 
characterized by having an annular groove 
formed in one end of the composite ring 
wheel and by having a metal ring located 
A J and secured in the end groove. 

Abrasive articles. Co., Ltp. Brit. 273,679, Aug. 24, 1927. Abra- 
sive articles, for example wheels, disks, abrasive paper, and cloth, etc., consist of a bonded 
mass of abrasive grains and other grains which break out more readily than the abrasive 
grains, whereby glazing of the operative abrasive surface is avoided. The additional 
grains may be of calcined clay, diatomaceous earth, porous alumina corundum, flint, 
magnesia, glass, etc., of a hardness inferior to that of the abrasive grains, and the bond 
may be ceramic, or may comprise synthetic resins, cement, rubber, shellac, glue, etc. 

Process of manufacturing porous emery wheel. RAxkuyr NAGATSUKA. Japan 
5,244, June 3, 1925. The emery wheel is made of a body composed of 100 parts emery, 
2-5 ashes of rice shells, 2-4 sawdust, 15 feldspar, 8 quartz, 4 Amakusa rock, and 3 
Chikura clay. It is fired as usual. oi. 

Process of manufacturing grinding wheel. Fuyizo IsHiwara. Japan 6,362, 
Sept. 16, 1925. A mixture of feldspar, quartz, fluorspar or cryolite, oxide or sulphate 
of iron, amalgatolite, and solution of sea-weed is used as the bond of Carborundum 
wheel. It is fired as usual. S.K. 

Method of manufacturing a substitute for natural white oilstone. Tooru Hirao, 
Setsu Suzuki, AND Ko Suzukr. Japan 9,870, Aug. 18, 1926. Volcanic ashes and 
calcined obsidian powder are mixed to an highly siliceous matter as silica sand or quartz. 
The mass is then formed into suitable shape and is fired in a kiln. S.K. 
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Method of manufacturing an artificial whetstone. KumAjiro Tazumi. Japan 
9,690, Aug. 4, 1926. A mixture of powdered whetstone and solution of sodium silicate 
containing a suitable amount of shellac is used in the manufacture of artificial whetstone. 
It is formed with a powerful press and is, after drying, soaked in a dilute acid. S.K. 


Art 


The ‘‘Art-in-Trade” movement. Mary G. SHEERER. Bull. Amer. Ceram. Soc., 
6 [9], 256-58 (1927).—That the trend toward coéperation between the trade and art 
seems to be definitely under way is pointed out through the medium of excerpts on this 
subject from various publications. E.J.V. 


Ohio State University announces ceramic art course. ANon. Glass Ind., 8 [9], 
227 (1927); Amer. Glass Rev., 46 [49], 14(1927); Pottery, Glass, and Brass Salesman, 
36 [5], 13-15(1927); Nat. Glass Budget, 43 [17], 18(1927).—A 4-year course leading to 
the degree of Bachelor of Ceramic Arts is announced by the Ohio State Univ., Colum- 
bus, Ohio. The object is to train men to serve in the clay, glass, and glass enamel ware 
plants as creative ceramists by equipping them with knowledge of materials, mixtures, 
and processes used in ceramic ware production; with the fundamental art concepts of 
ensemble possibilities of shape, quality, color, and decoration, and with appreciation 
of the service which particular clay and glassware should give. E.J.V. 


Technical classes for pottery and glass. Anon. Pottery Gaz., 52 [603], 1458-60 
(1927).—Details regarding classes to be held at the Central School of Arts and Crafts, 
Camberwell School of Arts and Crafts, Royal College of Art, and Putney School of Art 
in London; Municipal College Art School in Bournemouth; Royal Technical College 
in Salford; and University of Sheffield, Department of Glass Technology in Sheffield, 
are given. E.J.V. 

New lacquer process for marbleizing glass described. ANON. Amer. Glass Rev., 
46 [48], 34-35 (1927).—A new lacquer process for marbleizing glass, on which a patent 
is now pending, has been perfected by the American Art and Design Co., Rochester, 
N. Y. The expense involved in the placement of marble columns, pillars, and panels 
in store fronts can now be lessened, it is claimed, by at least one-third through the em- 
ployment of the ‘‘Marb-O-Lite,”’ as the new product is known, and where quantity 
production is involved the cost can be halved. So unique is this process that through 
the evolution of various colors and color combinations, practically any form of igneous 
or metamorphic rock can be reproduced in the exact form of the original. Simulating 
the markings, veins, and foreign matter in the rocks, results can be obtained on either 
ordinary glass or plate glass of any thickness, thereby assuring permanency. E.J.V. 


Modern Swedish engraved glass ware is striking example of art in industry. ANoN. 
Amer. Glass Rev., 46 [49], 15-16(1927); reprinted from Art-in-Trade.—Engraved glass 
for many centuries has been the pride of many art loving countries. Artists have made 
the decoration of glass their life work. It is a craft of infinite possibilities and almost 
every day new processes are being found for the ornamentation of glass ware. In 
southern Sweden, in the city of Orrefors, a new beauty has recently been added to the 
lists of engraved glass by the hands of a group of modern artists. The designs of these 
craftsmen embody a delightful originality, a lightness and a grace which is immeciately 
recognized as a departure from the heavy decoration so long in popular favor. The 
charming artistry of Orrefors glass depends on no new secrets of the glass blowers craft. 
The craftsmen work openly and employ no guarded secrets as did the Venetian artist 
of the 15th Century who worked on the Island of Murano, producing their lovely glass 
ware in strict confinement and under the threat of political prosecution lest foreign 
lands learn their art. The workmen of Orrefors seek new means of expression through de- 
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sign and form and their brilliant product proves the success of the movement in Sweden 
which unites art with industry. Simon Gate and Edward Hald, two young artists, 
were invited to work at Orrefors and a new engraved crystal glass came into being. 
The two artists were assisted by expert engravers and glass blowers. The crafts of blow- 
ing and engraving glass have never been unimportant. The engravers are masters at 
their trade, and necessarily so to carry out the intricate designs of G. and H. The 
artists experimented at first with the varicolored, heavy “‘Grail’”’ glass. The twisted 
figures and whirling lines of this product are completed as the glass leaves the blower’s 
pipe, a fascinating process to the worker who shapes his ornamentation by rotation and 
who uses the simple tools of the early Phoenician and Egyptian glass blowers. However, 
this method of decoration has its limitations. G. and H. found the fullest expression 
of their talents in engraved and ground glass. Their designs recall the artistic customs 
of the late Renaissance and baroque style, but it is the highly individual treatment 
which makes their patterns so different and so modern. G., at one time a portrait 
painter and illustrator, naturally puts his emphasis on form and movement. His 
designs are closely woven; an unending dance, an untiring race. The repetition of his 
motifs and the movement of his designs express a flowing rhythm again repeated _ in 
the curve and line of the vase or carafe. To H., the decorative quality of a design is 
more important and he uses flat surfaces more freely. At his best he reaches a classic 
simplicity. Before coming to Orrefors he had identified himself with the expressionistic 


group and the influence is apparent in much of his work. E.J.V. 
Modern Swedish glass. C. Louts—E Avery. Bull. Met. Mus. Art, 22 [8], 212-15 
(1927).—See above abstract. A.A.A. 


Early republican decorations on Chinese Lowestoft. RutH RAtston. Bull. Met. 
Mus. Art, 22 [7], 190-91 (1927).—The collection of Chinese porcelain, so-called Chinese 
Lowestoft, lent to the Museum by Edward and Frank Crowninshield contains unusually 
perfect examples of almost all the types of decoration treasured by American collectors 
of this table ware,so popular at the end of the 18th Century and beginning of the 19th. 
Some excellent bowls and teapots show merchant ships flying the American flag, and 
the ‘‘spread-eagle.’’ Lowestoft is represented by several pieces decorated with the eagle 
bearing on his breast the striped shield. A large jug painted with a harvesting scene is 
rare. A bowl decorated in the same style is inscribed ‘‘Felden Farm 1779.” Felden 
Farm was an estate in Hartford County, Md. Different versions of so-called N. Y. 
State Lowestoft are to be found in the collection and among loans from R. T. H. Halsey. 
Each piece bears the coat of arms of the State of N. Y., besides other decorations. Al- 
though differing widely in the skill with which they are drawn and enameled, certain 
features are invariably represented. The colorings of the decorations are uniform. 
These and other details indicate that these Oriental decorations were inspired by a com- 
mon original, probably a drawing made and given as a model to an enameler whose pro- 
duction served as inspiration to all other artists. About 1785 the coat of arms of the 
state was popular as a decorative device and some patriotic merchant probably had 
the idea of bringing home a complete tea set bearing the coat of arms of the State of N. Y. 

A.A.A, 

Costs in the decorating department. E. J. Borton. Ceram. Ind., 9 [3], 263-64 
(1927).—In this 4th of a series on ceramic cost accourtting methods B. suggests methods 
for finding decorating costs. Cost service system shows up inefficiencies of depart- 
ments. For preceding articles see Ceram. Abs., 6 [10], 484 (1927). 

Hard fired cobalt. EuGen KitiiAs. Keramos, 6 [7], 253-54(1927).—A discussion 
of blue colors for hard porcelain is given. The effect of other oxides contained in the 
glaze on the cobalt blue is described. The effect of firing conditions on the resultant 
color obtained by using cobalt is described. F.P.H. 
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The decoration of ceramic products. HAns Kiar. Keramos, 6 |7], 257—58(1927). 
F.P.H. 
Chrome-red crystalline glazes. ZimMERMAN. AKlei.; pp. 73-76; Keramos, 6 [7], 
255-56 (1927).—A report of an investigation on chrome-red crystalline glazes is given. 
Seventeen glazes were compounded and these glazes were fired at SK010a, Sk07a and 
Al,Os. 
Sk03a. The initial formula used was PbO 


were in the SiO» content and the Al,O;: SiO ratio. The second variation was in the 


The first variations 


Cr,0; content. 


Further variations were made by substituting the following oxides for 


PbO namely: CaO, KO, ZnO, CuO, BizO3, and FeO. The resultant color and condition 
of the glazes are summarized in table form. 


Batch Formulas 


No. PbO Al:Os CaO K:0 ZnO CuO FeO SiO; 
A 1.0 .85 
B 1.0 .175 , 1.2 
G 1.0 .175 1 1.5 
D 1.0 .175 1 65 
E 1.0 .175 1 
F 1.0 .250 1 .85 
G 1.0 .085 1 .85 
H 1.0 175 05 85 
I 1.0 175 20 .85 
K 8 .175 1 2 .85 
L 9 -175 1 .85 
M 8 .175 1 .85 
N 9 .175 1 .85 
O .8 .175 1 of .85 
P .8 .175 1 .85 
R .175 1 
S 9 -85 
Results Obtained at Various Temperatures . 
No. Approx. 900°C Approx. 960°C Approx. 1040°C 
A As at 960; crystalslarger Cherry red with dark Green with several red 
and darker spots and large cry- crystals 
stals 
B Dark red crystals and Green with several red 
green spots spots 
Unmelted Not completely melted; Green with red _ spots 
reen 
D Surface mat bright ver- As ks 900 Green with red_ spots 
million 
E Practically same as D As at 900 Green with many red spots 
F Unmelted Unmelted but still red Unmelted; green spots 
G Practically same as at Cherry red crystals Green with red _ spots 
960; lighter shade some darker 
H Cherry red, light shade, Asat 900 Green 
large crystals 
I Not entirely melted Large crystals, very Green with dark crystals 
dark 
K Brown color; small dark 
crystals 
L Surface mat deep ver- Red with many green 
million spots 
M Unmelted Unmelted green 
N Same as L Same as L 
O Unmelted 
P Ugly brown without Asat 960 
crystals 
R Crystals smaller than 
A; dark color 
S Same as R F.P.H. 
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Beauty, the new business tool. E. E. CaLxins. Allantic Monthly, 140, 145-56 
(1927).—The application of design and color to useful things has been attended by re- 
sults which are commercially satisfactory. French importers of work by Gallé, Lalique, 
Francois Coty, and others, set up examples which the more astute manufacturers on 
on this side were quick to emulate while endeavoring to dissociate them from the French 
tradition. The creation of an American school is part of the artistic plan of several 
trades such as furniture, silk, leather, and glass. It is to be hoped that manufacturers 
will keep in mind what beauty really means in an object of use. Good design is never 
imitative; you cannot transfer the outline of a Greek temple to a railway station; 
it is produced by studying the article to be treated, its use and purpose, so as to shape 
and color it unerringly for that use and purpose. H.H.S. 

University lectureships in decoration. G. Giues. Times Educ. Supp., July 30, 
358 (1927).—At the exhibition of decorative art of the Incorporated’Institute of British 
Decorators at Painters Hall, London, the president, G., stated that the Institute would 
inaugurate a new scheme, consisting of lectureships in decoration at the principal uni- 
versities, thus providing a field of study at present almost outside the scope of university 
teaching and an opportunity of gaining a university education combined with a special 
study of the subject in which the students would earn their living. A paper on decora- 


tion in relation to architecture was then read by T. P. Bennett. H.H.S. 
BOOK 
Who’s Who in Art. Vol. I. Edited by Bernard Dolman. London: The Art 
Trade Press, 1927. Price 10s 6d. H.H.S. 
PATENTS 


Method of making decorated china ware. WittiAM N. Lewis. U. S. 1,641,820, 
Sept. 6, 1927. A method of decorating ware having a glazed surface, which comprises 
forming a design on the surface with a material which is insoluble in the vehicle of a 
subsequently applied coating material, and coating the design and background, one 
component of such design material being permanent and another component evanescent 
upon firing. 

Glass manufacture. W.C. Harr. Brit. 273,034, Aug. 17, 1927. A method of 
forming a design in color on a glass bottle, jar, or the 
like during manufacture consists in blowing the 
article in a mold having an aperture which is fitted 
with a pad or other device adapted to impart to the 
hot glass a distinctive colored symbol. The mold 1, 
as shown in plan in Fig. 2, has an aperture 2 which is 
closed by an endless movable belt 3. The bottle is 
blown in the mold as usual, and glass passing into the 
aperture 2 makes contact with, and receives color 
from, the belt 3. The bottle when removed from the 
mold has a permanent colored label having the shape 
of the aperture 2. The belt may be replaced by a pad 
7, Fig. 3, which fits into the aperture 2 and may be 
carried by a swinging arm. The belt or pad may be 
supplied with color by any suitable device, or they may carry transfers instead of being 
coated with color. 

Frosting glass. SieMENS AND ENGLIsH Lamp Co., Ltd., P. D. OAKLEY, 
AND J. N. ALDINGTON. Brit. 273,046, Aug. 17, 1927. A frosting-medium for treating 
the inside surfaces of hollow glass articles such as electric lamp bulbs comprises alkaline 
fluorides, or other fluorine-containing substances, together with hydrochloric acid or a 


° 
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soluble chloride, or both, the object being to strengthen the bulb by producing a surface 
having a structure of cellular formation. Sulphuric acid, soluble sulphates, or water 
glass may also be added to the frosting-medium. In examples, the medium comprises 
a solution of ammonium bifluoride together with hydrochloric acid, or, instead of the 
acid, ammonium chloride and either sulphuric acid or water glass. The bulb is first 
cleaned with dilute hydrofluoric acid, and is then filled with the frosting medium, 
which is kept at a temperature of 25°C; alternatively, the bulb is filled with a solution 
having a temperature of 20°C, and is stood in a water bath heated to 45°C. 

Process of manufacturing a bracelet of silk glass. Kinei1ji YAMADA. Japan 
7,312, Dec. 18, 1925. Molten glass is thrown into water, ground and washed. After 
compounding a small amount of caustic soda, the fine-grained glass is melted again. 
It is coated with ordinary clear glass and is drawn to make a bracelet. S.K. 

Method of coloring earthenware. SENMATSU MiMITANI. Japan 67,647, March 1, 
1926. Semi-dried ware of siliceous clay is painted several times with a slip of a colored 
glaze. Thecolor soaks intothe body. The surface is then roughened with a hard brush. 
After drying, the ware is fired. The surface is polished with a hard stone. S.K. 

Waterproof painting on biscuit ware. GinjrRO WAKAO. Japan 8,985, June 9, 
1926. Biscuit ware decorated with a mixture of casein, calcined borax, dyes, and water, 
is coated with sapon enamel. S.K. 

Process of putting marble pattern of luster on pottery. Trrsusirno KANEMATSU 
AND SHizuo Yokota. Japan 8,983, June 9, 1926. Five or six drops of clove oil are 
added to about 1.8 liter of cold water and are disintegrated by stirring. One or two more 
drops are added which will float on the surface as minute globules moving slowly. 
Various lusters, diluted with luster oil, are cautiously dropped upon it forming a wavy 
or spotted pattern. A glazed pottery, which has been painted with a luster diluted with 
turpentine oil or with Gloiopeltis furcata paste and dried, is dipped in the liquid and 
fired to a temperature a little higher than the melting point of the glaze, to melt the lus- 
ter. S.K. 

Method of manufacturing a glass with pearly luster. Kikujiro Ono. Japan 
8,134, March 19, 1926. A melt of a batch composed of usual materials for soda- or 
potash-glass, red lead, bismuth carbonate, and glass-opacifier as fluorspar is left to cool 
until white spots or striae appear and then it is stirred well. Wares are made by coating 
it with a colorless or colored transparent glass. S.K. 

Process of decorating pottery with photographic design. SHINKICHI NAKAJIMA, 
Japan 7,612, Jan. 29, 1926. Paper printed with overglaze color by means of collotype 
process, is pasted on glost-fired pottery with gelatin. The ware is then brushed over 
with glycerine and is fired again. S.K. 

Process of decorating pottery, glass, or refractory building stones with photograph. 
HeryA TsuGAWA AND Naoji Ucuio. Japan 7,625, Jan. 29, 1926. Ware or plate of 
pottery, glass, or refractory building stone is covered with a hard glaze, melting at a 
comparatively high temperature, fired, and cooled. Then it is glazed thick with a soft 
glaze, melting at a comparatively low temperature, and is fired again. After cooling, 
an actinic paste is applied on the soft glaze. A negative plate or film is placed on it. 
After exposure, the surface is treated with over-glaze color. The ware or plate is fired 
in a kiln, regulating the temperature first to melt the soft glaze to fix the color on it and 
at last to melt the hard one. The picture thus fixed does not fade and keeps luster. 

S.K. 

Process of manufacturing bracelet from bubble glass. SHuzo OrsuKka. Japan 
6,429, Sept. 25, 1925. Bubble glass flowing down through an opening at the bottom of 
a pot is heated by ring-burners for the purpose of driving the bubbles out of the surface. 
Thus the bracelet glass which has fine bubbles only in its core is easily obtained, S,K. 
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Process of blowing glass ware which has letters or a design on its narrow part. 
YosHrjiRO TOKUNAGA. Japan 6,712, Oct. 23, 1925. A glassware body is made by 
means of a first mold engraved at the narrow part. It is then blown in a 2nd mold. 
S.K. 
Improvement in making spherical, polygonal, or solid stained glass. Srmcni Hrra- 
SAWA. Japan 6,719, Oct. 23, 1925. A paper mold made by means of a decomposable 
wooden model is cut into pieces after the design is drawn on it in order to prepare metal 
molds’for colored glasses. Glass pieces pressed in the molds are joined after the design. 
S.K’ 
Method of glazing pottery. THE Osaka ToGyo Co. Japan 6,971, March 3, 1926. 
Two or more glazes, whose color or sight after firing, or compositions are not alike, are 
sprayed on a biscuit at the same time. The glazes may be mingled or they may not be 
mixed in the procedure. , S.K. 
Process of manufacturing a special glass. IKUTARO SAWAI. Japan 7,141, Dec. 2, 
1925. A thin metallic film produced on a surface of a glass is crystallized by heating 
with the purpose of obtaining a glass which reflects metallic luster but looks clear in 
transmitting light. S.K. 
Process of manufacturing lustered glass. IcHiRO SHIMADA. Japan 4,403, April 
21, 1925. Lustered glass is manufactured by spraying a saturated solution of chlorides 
of tin, copper, and barium in hydrochloric acid on its glowing surface at temperatures 
higher than 1000°C in a heavy oil combustion furnace. S.K. 
Process of manufacturing glass ware with marble figure. YAHACHI NAKAMURA. 
Japan 4,524, April 29, 1925. Two or more kinds of opalescent and colored glasses are 
melted in different pots and combined into a mass by gathering or ladling in order. 
This is then formed into a ware with a marble figure by means of a press or blow mold. 
Process of manufacturing glass bracelet with silky luster. SHuzo OrsuKA. Japan 
4,635, May 2, 1925. A glass pot with an opening at the center of the bottom has an 
inner cylindrical pot with a similar opening. The glass rod flowing through the openings 
consists of a core with fine bubbles and a transparent tube. It is formed into rings. 
S.K. 
Method of decorating glass or other substances. MAGoIcHIRO NAKAMURA. Japan 
5,805, July 24, 1925. Tubes made of glass, celluloid, or other transparent substances 
are arranged to form a screen or similar wares. The tubes are decorated inside with 
coloring matters so as to produce a design, picture, or letters on the ware. S.K. 
Method of preparing clay for manual training. ANoN. Japan 9,994, Aug. 27, 1926. 
Small amounts of wheat flour and suitable pigment are added to clay. The mixture is 
then kneaded with a solution of glue in bittern. S.K. 
Method of manufacturing a special glass. IkUTAROSAWAI. Japan, 9,980 Aug. 25, 
1926. A metallic solution containing minute particles of an admixture which does not 
dissolve in the solution but vanishes on heating is applied on glass. The glass is then 
heated. The product is transparent but shows a metallic luster with reflecting light. 
S.K. 
Process of opacifying glass by etching. THE ‘DEPARTMENT OF COMMERCE AND 
InDUsTRY. Japan 10,021, Aug. 30, 1926. Glass is etched with a mixture of hydro- 
fluoric acid, ammonium fluoride, and saltpeter. S-K. 
Improvement on pattern paper for enameled ware. KANicHI Kato. Japan 7,393, 
Jan. 8,1926. The pattern paper is pasted on a wire-gauze which has 180 or more meshes 
per linear inch. The paper surface is put close to a ware and colored enamel is applied 
through the gauze by means of a brush. The ware is fired as usual. S.K. 
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Cement, Lime, and Plaster 


Science and engineering in lime burning. Victor J. AzBe. Ind. Eng. Chem., 
19 [5], 600-604 (1927).—The burning of lime is discussed from a scientific standpoint. 
The change in molecular structure which limestone undergoes when burned is shown. 
Temperature and time of burning have a large effect on the quality of the lime produced 
from a given limestone. Contamination of lime by vapors when temperature falls 
often results in a low grade lime. Requirements for proper control of a kiln are listed. 
R.J.P. 
The needs and future of lime in the chemical industry. James R. WiTHROWw. 
Ind. Eng. Chem., 19 {5}, 604-605 (1927).—It is pointed out that the chemical industry 
needs only a particular kind of lime for the chemistry or chemical engineering involved. 
R.J.P. 
The efflorescence of bricks. W. Sieper. Rev. Mat. Constr. Trav. Pub., 210, 
49-51 (1927); from Sudd. Tonind. u. Bau.—Efflorescence is caused by the leaching out 
of sulphates of lime and magnesia and occasionally of the alkalis. The position of the 
brick has much to do with the efflorescence an inclined brick favoring efflorescence. 
It can be avoided, however, by an exact knowledge of the clay being used and the ap- 
propriate firing process. 
Pigments for coloring Portland cement mortar. J. E. Foster. Chem. Met. Eng., 
34, 487-88 (1927).—A total of 264 pigments have been tested to determine tinting value, 
color permanence, and effect on compressive strength of mortars. Tinting value was 
measured in Munsell units on the hardened mortar; permanence by exposure of speci- 
mens to the weather on a rack facing south, tilted at a 40° angle. With most pigments 
there was a maximum percentage above which further addition had little effect on color. 
A 20% addition seems to be an economic maximum. The color of the sand aggregate 
used had a marked effect on the color of the specimen, and indicated that best results 
would be obtained where the color of the aggregate harmonized with the pigment. Any 
lack of permanence in a color will nearly always show up within a short period. Pig- 
ments having permanent coloring qualities were iron oxide (for buff, yellow, red, brown, 
black), chromium oxide (green), ultramarine (blue), manganese dioxide, carbon black, 
mineral black (black). Cadmium lithopones and organic pigments all faded. Fading 
seemed to be due to sunlight rather than chemical action. No reduction in strength 
took place with the addition of mineral oxide pigments, up to 20%. A 4% admixture 
of carbon black however reduced the strength 30%. M.E.M. 
Tentative method for complete sand analysis. GLAss Division, STANDARDS 
COMMITTEE, AMERICAN CeRAmic Society. Glass Ind., 8 [9], 217-18(1927); reprinted 
from Bull. Amer. Ceram. Soc., 6 [7], 211-13 (1927). E.J.V. 
Carbon dioxide in burnt lime. Anon. Glass Ind., 8 [9], 219(1927).—Two methods 
of determining the amount of carbon dioxide in burnt lime are given. The Ist is based 
on the decomposition of the lime by hydrochloric acid, absorption of the liberated carbon 
dioxide in barium hydroxide solution and subsequent weighing of the resulting barium 
carbonate, or its volumetric determination. The 2nd procedure is based on the de- 
composition of the calcium carbonate with dilute hydrochloric acid, under reduced 
pressure. The CO; is absorbed in standard sodium hydroxide solution, barium chloride 
is added, and the excess alkali titrated with standard HCI. E.J.V. 
Reaction of water on calcium aluminates. ANon. Bur. Stand., Tech. News Bull., 
No. 124, p. 5(1927).—Investigations have shown that lime can combine with alumina 
only in the following molecular proportions: 3CaO - 5Al,O3,CaO - AlsO;, 5CaO - 3A1,0s, 
3CaO- Al,O;. Tricalcium aluminate appears to be the only aluminate present in 
Portland cement of normal composition and properties. The mono-calcium aluminate 
and the 3:5 calcium aluminate occur in cements characterized by a high alumina con- 
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tent. An investigation has been undertaken at the Bureau to obtain more information 
on the mechanism of the reaction of water on the calcium aluminates. Preliminary 
experiments indicated that the cementing qualities of the calcium aluminates and high 
alumina cements might be closely related to their reaction with water in the formation 
of metastable or super-saturated solutions of calcium aluminates. The changes occur- 
ring in these solutions were studied accordingly throughout the entire period from the 
metastable condition to one of equilibrium. Some results of py, chemical analysis, and 
petrographic examination are given. R.A.H. 
Expansion of calcined gypsum during setting. ANon. Bur. Stand., Tech. News 
Bull., No. 124, p. 6(1927).—The expansion which occurs when calcined gypsum sets 
is one of its important properties. This property makes gypsum an excellent material 
for casting purposes, as it enables the material to give true reproductions of the mold. 
An investigation has been conducted at the Bureau to determine whether it is possible 
by simple methods to control this expansion. It was found that an increase in the pro- 
portion of the mixing water decreased the expansion. Using a given proportion of 
water, finely-ground gypsum expanded more than coarsely-ground gypsum. With 
sand as an aggregate, an increase in the proportion of sand decreased the expansion, 
while a mix made with coarse sand expanded less than one with fine sand when the 
amounts of sand used were the same. R.A.H. 
Abestos in S. Africa. ANon. Chem. and Ind., 46, 789(1927)—A new modern 
plant is being erected in S. Africa by the Bell Co. for the manufacture of ‘‘poilite’’ 
asbestos cement building materials, both corrugated and tiling, together with plant 
for the manufacture of asbestos-cement pipes for water mains, etc. .AS. 
English standards for Portland cement made from blast furnace slag. ANON. 
British Engineering Standards Association, Formula 146,(1926); Tomind. Zig., 51 
[48], 886 (1927). F.P.H. 
Path and object of the German stoneware industry. FELIX SINGER. Chemiker- 
Zeitung, No. 7 (1927); Tonind. Zig., 51 [50], 893-94 (1927).—S. traces the developments 
in the German stoneware industry and gives the following table of physical properties 
of chemical stoneware to show the improved form (1921-1926). 


Property 1921 1926 Units Loss in abrasion test 1921 1926 
Compressive strength 4684 5833 Kg/cm? (a) Drum test 6.4 3.6% 
Tensile strength 133 178 Kg/cm? (6) Sand blast test 5.0 2.4 cc 
Bending strength 383 900 Kg/cm? Specific gravity 2.2 2.473 
Modulus of elasticity 5639 4175 Kg/cm? Pore volume 12.9 §.2% 
Torsional strength 205 323 Kg/cm? Porosity by water 
Impact strength 1.6 2.4 cm/Kg/cm? absorption = 0% 

Fusion point 25 29 Seger 
Cone 


Linear coéfficient 
of expansion 4.8X10-* 3.9X10~° 
F.P.H. 
Thermal analysis of gypsum dehydration. R. Stumprer. Compt. Rend., 184, 970-72; 
Rock Prod., 30 {18}, 96(1927).—Test samples of fine-ground gypsum and of amorphous 
silica calcined at a temperature of 1100°C were heated in an oil bath at various tem- 
peratures (2.5 to 25° per min.) and the interval temperatures noted. The temperature 
of formation of plaster of Paris increases with the rate of heating, but the temperature 
of formation of anhydrite is not affected by this factor. F.P.H. 
The hardening of plaster of Paris and the question of the existence of soluble an- 
hydrite. P. P Bupnixorr. Kolloid-Zeitschrift, p. 149(1927); Tonind. Zig., 51 [63], 
1126(1927). 
Mechanical quarrying of cement materials. ANoNn. Rock Prod., 30 [17], 46-54 
(1927). 
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An X-ray study of limes having different piiisticities. MARIE FARNSWORTH. 
Rock Prod., 30 [17], 62-66 (1927). F.P.H. 
Hydraulic or estrich gypsum for floors. H. AND E. BorGarpts. Rock Prod., 
30 [18], 80-81 (1927).—The article contains some points on the properties, application, 
and uses of estrich gypsum (hard burned or hydraulic gypsum) as an interior building 
material. The entirely dehydrated gypsum is subjected to temperatures of over 1000°C 
and is completely burned. The calcining process involves the conversion of some of 
the CaSO, into lime which gives the material its peculiar properties. F.P.H. 
Properties and testing of cement colors. C. R. PLatzMan. Rock Prod., 30 [18], 
107—109 (1927).—The desirable characteristics of cement colors and how these may be 
determined by analysis are discussed. F.P.H. 
The burning of plaster of Paris in a rotary kiln. G. ACKERMAN. Tonind. Zig., 
51 [49], 874-75 (1927).—A description of plant machinery and an outlay of a plant 


for manufacturing plaster of Paris are given. F.P.H. 
English standards for iron Portland cement. Anon. Tonind. Zig., 51 |50], 891 

(1927). F.P.H. 
Australian standards for Portland cement. ANoNn. Tonind. Zig., 51 [62], 1096- 

99 (1927). F.P.H. 


Recent patent literature pertaining to sand-lime brick. J. THAMM. Tonind. Zig., 51 
[65], 1149-51(1927).—T. gives a survey of recent American, French, and German 


patent literature pertaining to sand-lime brick. F.P.H. 
Strength tests and mortar joints. NitzscHe. TJonind. Ztg., 51 [65], 1153-54(1927). 
F.P.H. 
Concerning the dehydration of gypsum. R.Stumper. Zeit. anorg. allgem. Chem., 
162, 127-40 (1927); Tonind Zig., 51 [48], 866(1927). F.P.H. 


Use of fluorspar in cement manufacture. HANs Becker. Zement, 16, 305-308; 
Rock Prod., 30 {18], 83-84 (1927).—An admixture of fluorspar cannot be expected to 
produce successful results in every mix, of which fineness, temperature of sintering, and 
duration of the sintering remain the same. The fineness of the raw mix and particularly 
the conditions of sintering should be selected with special consideration of a new mix. 
In a given case one may also vary the components of the raw mix accordingly, the varia- 
tion being most easily produced by a change of the lime content. Only in relatively rare 
cases does a plant require but one change, the aiding of the sintering process, and 
accomplishes it by the selection of a proper quantity of admixture. In most cases, some 
of the other plant processes must be altered to suit the lower sintering temperatures or 
lighter sintering. It remains an established fact, however, that fluorspar greatly bene- 
fits the sintering process. Proofs of any detrimental effect on cement properties pro- 
duced by CaF, have not been furnished. The phenomena of quick- or slow-setting 
properties, of good or poor hardening, observations of soundness, ease of grinding, etc., 
are the results of low sintering in its effect on the raw mixes used and the handling during 


sintering. F.P.H. 
BOOKS 
International Standard Tables for Portland Cement as of May 1927. ANon. 
Zement-Verlog G. M. b. H. Charlottenburg. Price 2.5M. F.P.H. 


Contribution to the Knowledge of Fused Aluminous Cements. E. Beri Anp F. 
LOBLEIN. Charlottenburg (Zement-Verlog) 73 pp. Price 2.4M.(1926); Tonind. Zig., 
51 [38], 680 (1927). F.P.H. 

Cement, Preparation, Properties, and Uses. RicHARD Grin. 173 pp. Berlin. 
Julius Springer (1927). Price 15M. F.P.H. 
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PATENTS 


Limestone calcination in vertical gas-fired kilns. Brit. 246,485, Rock Prod., 30 
[18], 96(1927). The gas is burned under pressure in mixing burners with sufficient 
air for complete combustion and the products of combustion injected into the kilns 
through nozzles with a kiln temperature of about 900°C. F.P.H. 

Cement from phosphate residue. Brit. 263,124; Rock Prod., 30 [17], 82(1927). 
The slag obtained by fusing a crude phosphate with sand and carbon is tapped off and 
mixed with calcareous or aluminous materials in proportions suitable to form a cement 
clinker. F.P.H. 

Vertical lime kiln. Brit. 265,654; Rock Prod., 30 [17], 83(1927). <A gas-fired kiln 
with gas inlets, inclined downward in order to make the flame reach the center and 
prevent overfiring along the kiln sides. F.P.H. 

Cement products mixture. L. S. vAN WestruM. Brit. 270,013; Rock Prod., 30 
{17], 83(1927). Fibrous material such as sawdust, is impregnated with a dilute solution 
of calcium chloride and mixed in the proportion of 2.5 to 6 parts (by weight) with one 
part dry cement, sufficient water being added to give the mortar the desired consistency 
for making cast stone, cement products, etc. F.P.H. 

Rotary kiln process for aluminous cement. Brit. 270,496; Rock Prod., 30 [17], 
83(1927). A finely ground mixture of bauxite and lime, consisting of about 71% 
bauxite and 25% slaked lime, is calcined in a rotaryekiln for a long period at a tem- 
perature below the softening point of the mass. The resulting product is then ground 
in the usyal way to make a quick-hardening aluminous cement. F.P.H. 

Plastic compositions. R.H.Asrey. Brit. 273,989, Aug. 31, 1927. Raw or cal- 
cined magnesite is heated with a fluxing material such as sodium silicate or borax and 
the resulting clinker is ground and mixed with a solution of magnesium chloride. Alu- 
minium and barium chlorides may also be added as well as waterproofing material such 
as rosin soap, alumjnium, zinc, magnesium, or other insoluble stearate, or greasy or fatty 
material. Alumina and barium carbonate and coloring materials may be added to the 
magnesite before burning. Fibrous materials, such as asbestos and wood pulp, silica, 
mica, crushed pottery, coke, sand may be employed as filling material.’ In molding, 
glazed surfaces may be produced by the employment of polished mold surfaces. Wall 
tiles, panels, table tops, floorings, lavatory fittings, and wash basins may thus be pro- 
duced. 

Cementing porcelain. StupIEN Gers. FUR WIRTSCHAFT U. INDUSTRIE. Brit. 
274,408, Sept. 7, 1927. The process of the parent specifications, in which porcelain or 
porcelain and iron parts, particularly of electric insulators, are cemented together by 
vulcanizing a rubber mix in the joints, is modified by replacing the sulphur by selenium 
or selenium compounds. A suitable mix is 90% of rubber, 2% of litharge, 2% of 
selenium oxide, 3-4% of an accelerator as set forth in Specification 260,592, and 2-3% 
of a filler as zinc oxide or soot. 

Flooring mortar. THe Toyo Kako Co. Japan 2,975, Jan. 21, 1925. The mortar 
is composed of ordinary magnesia cement, powdered pine bark rich in resin, and a milk 
product which has been prepared by coagulating milk with acid. S.K. 

Method of preparing lime for plaster. Ine1j1 Miyazaki. Japan 3,084, Jan. 30, 
1925. Quick lime is slaked with a solution of magnesium chloride and aluminium 
sulphate or that of alum and alkali carbonate. Clay and powdered mica are mixed to 
the slaked lime. S.K. 

Magnesia cement. KoxicHi SAWADA. Japan 3,211, Feb. 12,1925. The magnesia 
cement is compounded principally of magnesia, slaked lime, and magnesium sulphate 
or magnesia, magnesium chloride, and litharge or lead hydroxide. S.K. 
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Improvement in cement rotary kiln. THe Mitsui Kozan Co. Japan 3,392, Feb. 
23, 1925. The kiln shell is water-jacketed and the kiln has several transverse water- 
tubes. S.K. 

Method of manufacturing water-proofing agent for cement. Ryujiro YANAKA AND 
NAKAJIRO MANO. Japan 3,470, Feb. 27, 1925. Molten mass of resin, fatty acid, and 
paraffin is saponified with a solution of caustic potash or potassium carbonate. Alu- 
minium hydroxide is mixed to the product. S.K. 

Process of manufacturing magnesia cement. SrisHo Horio. Japan 4,025, April 
1, 1925. Magnesia cement is prepared by adding a solution of magnesium nitrate to 
magnesia or a substance containing it or by grinding the product obtained, calcining a 
mass which has been obtained by kneading magnesia, or a substance containing it, 
with nitric acid. S.K. 

Water-proofing agent for cement-mortar. UsHINOSUKE YOSHIMURA. Japan 4,122, 
April 8, 1925. Mixture of magnesium carbonate, asbestos, and powdered soap is heated 
under constant stirring, care being taken that the soap shall not be decomposed. 

S.K. 

Water-proofing agent for cement. Tatsujyrro FuKAyYA. Japan 5,092, May 25, 
1925. The water-proofing agent is composed of lime, calcium chloride, barium chloride, 
ammonium carbonate, aluminium acetate, gelatin, albumen, and water. Dextrin or 
similar substances may be used for albumen. The slip also accelerates the hardening of 
cement. S.K. 

Water-proofing agent for cement. Tatsujiro FuUKAYA. Japan 5,903, Aug. 3, 1925. 
The agent is prepared from fatty acid, albumen, soluble silicofluoride, and ammonia 
water. 

Process of manufacturing a water-proofing agent for cement. KonosuKE NAKaA- 
MURA, KENJI TAMURA, AND SEIDO NAKAHARA. Japan 6,037, Aug. 14, 1925. An 
excess of quick lime is added to a solution of washing soap and sodium silicate. The 
product is dried by the heat of combination and is obtained as fine powder. S.K. 

Process of manufacturing a building material. Fumio MATSUNAGA. Japan 6,666, 
Oct. 16, 1925. Ammonium borate and a mixture of plaster of Paris and quick-lime 
obtained by pouring sulphuric acid on quick-lime are mixed up with coal-cinder or grog. 
The plastic mass is pressed into any desired form and is left to harden. S.K. 

Process of preparing a water-proofing agent for cement. THe Koxkueki Bosvu! 
KoGyo Co. Japan 6,734, Oct. 25, 1925. The agent is made of soap, alum, Hydrosme 
Rivieri, and glue. S.K. 

Water-proofing and quick-hardening agent for cement. UsHINOSUKE YOSHIMURA. 
Japan 6,884, Nov. 6, 1925. The agent is composed of sodium bicarbonate, talc, and a 
small proportion of calcium carbonate or magnesium carbonate. S.K. 

Water-proof concrete or mortar. Toicui Nose. Japan 5,360, June 12, 1925. 
Iron powder or iron sand is dipped in a solution of sodium silicate so as to coat its surface 
with the salt. The product is mixed with sand and cement or with sand, cement, and 
gravel. S.K. 

Water-proofing agent for cement. TosHiyuKI WADA AND SHIGEZO YAMAZOE. 
Japan 5,379, June 19, 1925. A solution of alum or other salts of aluminium is added 
to a mixture of diatomaceous earth and soap solution so as to make the earth adsorb 
aluminium salt of fatty acid on its surface. It is ground after drying. S.K. 

Process of manufacturing water-proof substances from alkali silicates and acidic 
anhydrous inorganic matter. THe INsTITUTE OF PHyYsICS AND CHEMISTRY. Japan 
5,431, June 24, 1925. One or more of finely ground acidic anhydrous inorganic matters 
such as diatomaceous earth, quartzite, flint, diaspor, alumino-silicic acids, feldspar, 
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kaolin, and clay are mixed with an aqueous solution of alkali silicate of 1.25—1.38°Be. . 
They are then dried. The products are used as water-proof refractory cement or paint. 
SK. 
Softening agent of cement mortar. YASUE YAMAGUCHI. Japan 8,665, May 7, 1926. 
The agent is made by adding formalin to a mixture of fatty acid, ammoniacal solution 
of albumen soluble in alkali, asbestos, and siliceous material as diatomaceous earth or 
volcanic ash, and then drying filtrate of the mixture. Mortar composed of the agent 
and Portland cement is elastic. S.K. 
Method of preparing water-proofing agent for cement. Ryujiro YANAKA. Japan 
7,726, Feb. 10, 1926. Fatty acid is saponified with alkali solution of sodium aluminate 
and is nearly neutralized by adding resin and ammonia to the hot solution. S.K. 
Water-proof magnesia cement. SreisHo Horio. Japan 7,183, Dec. 9, 1925. Boric 
acid or soluble borate and resin or resinic acid are compounded to a mixture of mag- 
nesia and magnesium chloride. >... 
Process of preparing strong cement. SrisE1 TAKAMATSU AND Koko KITAGAWA. 
Japan 7,318, Dec. 18, 1925. Diatomaceous earth and alkali carbonate are mixed with 
Portland cement clinker. Then the mixture is pulverized. S.K. 
Process of utilizing alunite or its waste as flux in the manufacture of Portland 
cement. Heizo AsADA. Japan 10,342, Sept. 29, 1926. Alunite, poor waste alunite, 
or the residue obtained in the manufacture of alum or aluminium sulphate from alunite 
are utilized in the manufacture of Portland cement as a flux. S.K. 
Method of manufacturing anti-freezing agent for cement. KoicnH: ToyvoKawa, 
KENJI TAMURA, AND TOYOSHI KuROSAWA. Japan 8,772, May 19,1926. Homogeneous 
mixture of hydroxide, chlorides, and sulphates is prepared by adding sodium chloride 
and quick lime to concentrated sulphuric acid in excess. Its small addition to a cement 
as Portland cement prevents injury due to freezing of water. S.K. 
Method of manufacturing a white cement from dolomite. THE DAIREN DOLOMITE 
KocGyo Co. Japan 8,802, May 21, 1926. Intimate mixture of powdered dolomite, 
powdered quartzite, aqueous solution of sodium silicate, and aqueous solution of alu- 
minium silicate or aluminium sulphate is calcined at 1600°C and is ground with water. 
S.K. 
Method of manufacturing floor and wall tile from gypsum. TAtTsujrrO FUKAYA. 
Japan 8,284, April 2, 1926. Anhydrous calcium sulphate obtained by heating gypsum 
at high temperatures is treated with an aqueous solution of zinc chromate and aluminium 
chromate. Then it is fired again. The product is ground with addition of lime, blast 
furnace slag, ammonium phosphate, and ammonium borate. Floor or wall tile is made 
of the plastic mass obtained by kneading the powder with water. S.K. 
Method of manufacturing a hardening agent for cement or lime. TArsujrro 
FUKAYA. Japan 8,022, March 10, 1926. Fluorides of hydrogen and silicon produced 
by pouring sulphuric acid on a mixture of fluorspar and a white crystalline substance 
which is collected in flues of phosphate-manure works where phosphate ores containing 
fluorine compounds are used, are passed through a solution of the white substance and 
chloride or carbonate of metal. After filtration, silicofluoride of metal is obtained by 
evaporating the filtrate under reduced press. The silicofluoride is used as the hardening 
agent. S.K. 
Anti-freezing agent for concrete. TAtsuyjIRO FUKAYA. Japan 8,065, March 12, 
1926. The agent is prepared by dissolving bichromate or chromate of potassium in 
filtrate from a heated solution of calcium chloride, quick lime, or slaked lime and am- 
monium chloride. S.K. 
Water-proof plaster of Paris. TAarsujirRo FUKAYA. Japan 8,096, March 17, 1926. 
In the manufacture of plaster of Paris, a fusible substance such as resin or sulphur is 
mixed with raw gypsum. S.K. 
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Process of acid-proofing concrete surface. Icurro Kotani. Japan 9,567, July 23, 
1926. A mixture of asbestos and talc or amalgatolite is kneaded with a solution of 
sodium silicate. Surface of concrete or mortar is coated with it and after hardening, 
it is treated with dilute inorganic acid. S.K. 

Process of manufacturing magnesia cement. Fumio Magpa. Japan 9,585, July 
23, 1926. In the known method of manufacturing magnesia cement from magnesia 
and sulphate or chloride of magnesium, suitable amounts of gypsum and retarder such 
as glue, casein containing borax, dextrin, or gum arabic are added to them in order to 
prevent the cement from cracking. S.K. 

Method of manufacturing white cement. Tarsujiro FuKAyA. Japan 8,988, June 
9, 1926. White-firing clay and limestone or quick lime are mixed in definite proportions 
and are ground with addition of alkali fluoride, cryolite, or fluoride of alkaline earth 
together with a substance producing an alkali fluoride such as alkali carbonate. The 
composition is fired with gas, liquid fuel, or indirect heat of solid fuel. S.K. 

Fired cement ware resembling pottery. Serkyu Ora. Japan 67,562, Feb. 23, 
1926. Ware is formed by means of a press with a plastic compound, composed of 1 
part cement, about 0.5 part clay, and a suitable proportion of water. It is then coated 
with a soft glaze, dried, and fired for 10-15 minutes at 800°C. S.K. 

Quick hardening agent for cement. KoNnosuKE NAKAMURA, KENJI TAMURA, AND 
MASAMICHI NAKAHARA. Japan 10,214, Sept. 15, 1926. Dilute sulphuric acid is added 
to sodium silicate so as to change its greater part to sodium sulphate which is then fil- 
tered away. A solution of sodium silicate rich in free silica thus obtained is used as a 
quick hardening agent of Portland cement. S.K. 

Pseudo pottery of magnesia cement. OrsusABURO NAKAMURA. Japan 10,055, 
Sept. 1, 1926. Mixture of magnesia and clay is kneaded with addition of magnesium 
chloride solution. Flower-pot, brazier, and similar ware are made of the plastic mass 
by means of a potter’s wheel. S.K. 

Impermeable acid-proof cement. YosHitsuGU YAMAMURA. Japan 10,005, Aug. 
27, 1926. An impermeable acid-proof cement is prepared by compounding a powdered 
mixture of “‘Boshu-sand”’ (a tuff), talc, barite, gypsum, and urea with water-glass, for- 
malin, and water. S.K. 


Enamels 


A preliminary study of ceramic colors and their use in vitreous enamels. W. N. 
HARRISON AND T. D. HARTSHORN. Jour. Amer. Ceram. Soc., 10 [10], 747-60 (1927).— 
This report deals with the results obtained from a study of ceramic colors as used in 
vitreous enamels. Numerous coloring stains were produced and used in various enamel 
compositions. The batch formulas of the stains are given, and methods of preparation 
described. To obtain uniformity of texture of the colored enamels, and to insure ac- 
curacy of duplication in preparing successive batches of a given stain, it was found de- 
sirable to (a) accurately duplicate time and temperature of calcination, and in some 
cases furnace atmosphere; (+) wash the stains free from soluble matter after calcination; 
(c) grind and pass them through a fine screen before use; and (d) keep the enamel 
composition constant. Several of the stains were produced on a relatively large scale 
and tested commercially under plant conditions. These gave excellent results. 

Report of the Enamel Division Committee on Standards 1926-27. E. P. Poste. 
Bull. Amer. Ceram. Soc., 6 [9], 259-80 (1927).—Under flotation of enamels the Bureau 
of Standards has conducted an investigation under the title “Controlling the Consistency 
of Enamel Slips.” A brief abstract of this paper is given. A reflection gage used in 
determining the quality of enameled reflectors is suggested to members of the Division 
for investigation of its utility. It was thought inadvisable to compile a set of methods 
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of analysis for enamel raw materials. Further circularization has been carried on in 
an effort to increase the usefulness of the questionnaire on control tests. Additional 
problems suggested are (1) definitions of terms used in the enameling industry, (2) 
methods of expressing enamel compositions, and (3) terminology for expressing the 
degree of action of acids on enamel surfaces. Recommended tentative methods for 
deformation temperature of enamel and for fineness of wet milled enamel are given in 
detail. Appendix A. In order to determine the accuracy of the cone deformation 
temperature test as applied to enamels, a considerable quantity of frit was prepared at 
a central point and distributed to the several members of the Committee. A supply of 
016, 018, and 020 pyrometric cones was likewise distributed. Definite instructions for 
carrying out the tests as issued, and results obtained are given. Tests seem to indicate 
that with a reasonably uniform rate of heating, results checking within at least +10° 
can be expected. Appendix B. A comparative study of sieve and settling tests for 
fineness of milled enamel was made. The specifications followed in making these tests 
are given and date obtained are presented. Conclusions drawn are as follows: (1) for 
a given enamel the amount of residue retained on the 200-mesh screen bears a definite 
relation to the amount retained on the 325-mesh screen when used alone. The lack of 
similarity between the curves for the various enamels suggests that the relation between 
the 200-mesh and 325-mesh residues might vary from one enamel to another; (2) if 
conclusion 1 is correct it may be further stated that the same reasoning would hold for 
the next step in increasing fineness, and if so, the residue retained on the 200-mesh screen 
is an index of the fineness of the batch as a whole; (3) the amount of settling in one 
minute is a small enough part of the total sediment to eliminate any serious error of the 
type which would exist were the sediment in one minute close to the real amount in the 
test jar; (4) there is a definite relation between the amount of sediment in the settling 
test and the residue retained on a screen in the screen test; (5) the relation indicated 
in conclusion 4 may not be the same for different enamels ground in the same mill or the 
same enamel ground in different mills; (6) the use of either test on a given enamel 
under the same milling conditions should give a reasonably accurate index of fineness; 
certainly when the indicated reading for sediment or residue is the same the fineness of 
the batch of enamel as a whole is the same, with due allowance for experimental error. 
It is possible that a given index of fineness would not mean the same fineness of the batch 
as a whole for different enamels, possibly not for the same enamel ground under different 
conditions. Appendix C. An investigation of the Lindemann-Danielson cross- 
bending test for sheet-iron enamel was made with the idea that there might be possi- 
bilities for its standardization. Certain shortcomings were noted and a modified machine 
was built which overcame these shortcomings. Results of tests made are presented 
but there are discrepancies therein which indicate that more work must be done to 
determine the usefulness of the scheme. The essential modifications in the machine 
consisted of installing a uniformly accelerating cam so that there is a uniform travel of 
the load for a given rotation of the shaft. E.J.V. 

The economic trend of the enameling business. H.R. Spencer. Bull. Amer. 
Ceram. Soc., 6 [9], 281-83 (1927).—This business is in such a condition that there are 
now means and machines for a greater production than can normally be absorbed. 
Enameling started as a distinctive industry and is now in part separate, and in part a 
department of stove and refrigerator plants. Four plans to be followed in the future are: 
(1) a number of enamelers may go to the wall, (2).the enameler may become merely a 
departmental adjunct of the stove or refrigerator business, (3) he may develop new mar- 
kets, (4) he may follow the course already pointed out by the stove industry, the steel 
industry, the railroads, and many other industries, i.e., the formation of large corpora- 
tions. The advantages of the last named plan are pointed out and the suggestion that 
it be followed is implied. E.J.V. 
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Light-colored first coat enamels for sheet iron. ANON. Ceram. Age, 9 [6], 177 
(1927).—A short progress report of a Bur. Stand. investigation to eliminate the necessity 
of a first dark coat in enameling sheet iron either by developing a light colored enamel 
having an adhesiveness comparable to a cobalt enamel or by improving the technique 
of application so that white enamels can be made to adhere sufficiently, or both. Two 
opacifiers give promise of satisfactory behavior for this use and a test for adherence 
which has been developed shows promise of giving valuable data. A.E.R.W. 

Conference on cast iron for enameling purposes. ANon. Bur. Stand., Tech. 
News Bull., No. 124, p. 8(1927).—Program of future work on this problem agreed upon 
between representatives of the AMERICAN CERAMIC SociETY and the Bureau. This 
program deals with the method of applying enamel to each iron under a variety of condi- 
tions instead of a single standard condition and distinguishing between irons according 
to the magnitude of the range of conditions under which each will produce blister-free 
ware. R.A.H. 

Why is it impossible to obtain deep, bright, full color tints in cover glazes (enamels, 
etc.)? JosEF WoLF. Sprechsaal, 60 [13], 219-26(1927).—W. noted among the many 
investigations he has conducted on glazes that when he employed cover glazes as ground 
coats no deep bright colors were obtained as with transparent glazes. An investigation 
was carried out to prove whether the principle of Wilhelm Ostwald is true i.e., that if 
white predominates in large quantities of primary (full) colors the latter will only 
develop weakly. A series of color shades were investigated representing all stages of 
enamels from opaque (white) to transparent. A large number of triaxial diagrams il- 
’ lustrate his method of investigation and the manner in which he proved that the color 
principles of Ostwald held true with enamels. The reason no deep full tints are obtained 
with white opaque enamels may be found in the strong reflection of such enamels. 

R.A.H. 
BOOK 

Mediaeval Enamels. ANon. With numerous illustrations from the Victoria and 

Albert Museum. London: H. M. Stationery Office, 4927. Price 6d. H.H.S. 


PATENTS 
Enamels. Soc. MiGEot FRERES ET ARNOULD. Brit. 273,260. Aug. 17, 1927. 
Leadless enamels are formed with a barium or strontium content. An example of a 
white opaque enamel is given as, borax 9.3%, feldspar 16.9%, carbonate of lime 8.86%, 
baryta 24.6%, boric acid 5.65%, zinc 3.65%, alkalis 6.43%, antimony 7.52%, fluorspar 
5.3%, phosphate of lime 9.53%, cryolite 1.13%, alumina 1.13%; while an example of a 
transparent enamel of the ceramic type is given as borax 21%, boric acid 11.25%, 
baryta 25%, feldspar 8.75%, alkalis 11%, lime 11.5%, zinc 10%, alumina 1.5%. 
Method of manufacturing enameled electric resistance body. Tue HItTacui 
SEISAKUSHO. Japan 10,033, Aug. 30, 1926. Electric resistance coil, previously coated 
with water-glass or a mixture of water-glass and powdered silica, is painted with enamel! 
and then fired. S.K. 
Method of making enameled sheet-iron ware without ground coat. TOMEKICHI 
BEssHO AND IWATARO ITo. Japan 9,629, July 28, 1926. The single coat enamel is 
composed of red sand (powdered silica sand) 33.0, borax 19.5, cryolite 6.0, fluorspar 
7.0, Chili saltpeter 6.0, sodium carbonate 9.0, feldspar 10.0, and antimony oxide 3.5. 
S.K. 


Glass 


Design and service of tank blocks. DoNnALp W. Ross. Jour. Amer. Ceram. Soc., 
10 [10], 774-83 (1927).—Data are presented and some inferences are drawn concerning 
the manner in which properties of the tank blocks, their use and design, and the design 
of the tank itself, affect the life of the tank. 
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Economy in packing glass efficiently. ANon. Ceram. Ind., 9 [3], 254—-56(1927).— 
System at Woodbury Glass Co. guards against breakage and loss of time. Other features 
at the plant include a novel sink for cullet reduction and a 250,000 gallon water reser- 
voir. F.P.H. 

European glass industry is reaching a crisis. ANON. Dept. of Commerce Rept.; 
Ceram, Ind:, 9 [3], 256(1927). F.P.H. 

Transmission of vitalizing or activating rays through glass. ANon. Bur. Stand., 
Tech. News Bull., No. 124, p. 9(1927).—It is well known to the medical profession that 
ordinary window glass absorbs the short-wave length ultra-violet solar rays which have 
the property of preventing rickets. Measurements were made at the noon hour during 
April, May, and June, of the total amount of these activating rays shut out by ordinary 
window glass and by the newer glasses and glass substitutes now being marketed. 
Starting with ordinary window glass as entirely opaque to the so-cailed ‘‘vitalizing rays”’ 
the transmission in this spectral region of the average substitute materials now being 
marketed ranges from less than 5 to 50% and even reaches 92% in the best grades, in- 
cluding pure quartz glass. The amount of these vitalizing rays is about 4% of the total 
incoming solar rays. R.A.H. 

An elementary test of disintegration of glasses by atmospheric agents. FRIEDRICH 
Spate. Amer.Glass Rev., 46 [48], 15—16(1927); translated from Le Verre.—A method is 
proposed that corresponds to an accelerated attack by atmospheric agents, and is based 
on the effects at ordinary temperature of an atmosphere of carbonic acid saturated with 
water vapor. The air evidently contains carbonic acid, although in very small quanti- 
ties, and water which acts on the glass exposed outdoors. The execution is simple: 
washed and dried test tubes are placed in a tube dessicator that contains a little water; 
pure carbonic acid is introduced in the tube by means of,a pipe provided with a stopcock; 
air is expelled by raising with precaution the cover of the dessicator and, finally, the 
carbonic acid is maintained under a slight pressure. The test may last 4 to 10 days or 
more. This period of time corresponds approximately to a year for the effects of natural 
agents. It is evidently a question of rough approximation, the chemical conditions of 
the open air being variable. After the reaction the glass tubes are taken out and dried 
in an ordinary dessicator with calcium chloride or sulphuric acid. The vulnerability of 
the glass can be judged by the importance of the coating which remains on the surface 
after drying; the coating can be dissolved in water or acids, rinsed in a beaker, and then 
analyzed either by making a complete quantitative analysis, or by determining the al- 
kalis passed in solution of the total residue. In general, the observation of the quantity 
of the coating is sufficient, especially if it is a question of comparing glasses that are 
tested on purpose in the same dessicator. To judge pieces of glass as to their surface 
after testing and drying, they are washed with hydrochloric acid and dried again. The 
pieces with a very slight chemical resistance present a surface clearly attacked, often 
dull in places, often irised; the appearance of the piece has a striking resemblance to 
glass of the same composition that has remained for a long time exposed to the air. 
If the attack of the carbonic acid takes place in a moist atmosphere the reaction of hy- 
drolysis occurs in the initial aqueous film, followed by a carbonation. The presence of 
water provokes the formation of a new swelled layer on which the carbonic acid acts 
again. Ina humid atmosphere the reaction is, then, more intense than in a dry milieu; 
the glass treated by this method shows, after dessication, a thicker coating than in the 
second case. It was noticed, however, that the thickness of the disintegrated layer is 
not exactly proportional to the duration of the reaction. Tubes of the same glass were 
exposed, one for ten days and the other for 28 days, to the action of humid carbonic acid. 
The coating obtained after the prolonged attack was only a little thicker than the other. 
This is explained by the fact that determined glasses, especially the glasses containing 
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silicates of alkalis and lime, become more resistant chemically at the surface after 
lixiviation of the alkalis. At the same time the layer containing carbonates protects 
the glass against an ulterior attack of the humid carbonic acid so that the reaction slows 
down little by little. If the tube examined were cleaned from time to time, to expose it 
next to the carbonic acid the coating would be more and more reduced; at the same time 
one would obtain a picture that would more closely resemble disintegration in the open 
air, for the rain takes away mechanically the decomposed layer. Results obtained by 
this method for a series of glasses are given. E.J.V. 
Libby-Owens Sheet Glass Company to construct new unit at Toledo. Anon. 
Amer. Glass. Rev., 46 [48], 27 (1927).—Expansion of the plant of the Libby-Owens Sheet 
Glass Co. in Toledo is to be undertaken at once with the erection of new units which 
will enlarge considerably the facilities of the Company. The buildings to be erected 
together with the equipment which will be installed will represent an outlay of 
$2,000,000. E.J.V. 
The Bicheroux process of making plate glass. ANon. Glass Ind., 8 [9], 207-208 
(1927).—The basic principle of plate glass manufacture had not undergone any modi- 
fications from the time it was first made in France at the Saint Gobain works in 1688 
until the advent of the Ford continuous process, the Libbey-Owens plate glass process, 
and the method developed by the Pittsburgh Plate Glass Co. The principle of the 
casting process is explained and certain inherent disadvantages such as the cooling due 
to loss of heat caused by the intimate contact of the casting table and the heavy metal 
roller, and the uneveness of the surface due to the pressure exerted by the roller. Also 
sheets of Jess than 10 mm in thickness cannot be made profitably in this manner. The 
object of the Bicheroux process is to eliminate the glass surface deficiencies, so that less 
grinding is required to obtain a perfectly smooth finish, and to produce a thinner sheet 
at the outset. The advantages thus gained result in a larger output of plate glass per 
pot, as there is less loss of glass, removed by grinding. The principle of the Bicheroux 
process is as follows: the content of a pot is poured onto a casting table which can be 
raised slowly to a position about 45° to the horizontal, causing the molten glass to flow 
between two rollers moving in opposite directions. These rollers continually draw mol- 
ten glass from the center of the mass of glass resting on the casting table, which therefore 
is in the best condition to be rolled out. This is in contrast with the old method, in 
which the coldest glass receives the greatest pressure. The sheet formed moves down- 
ward over an inclined surface and is received by the transportation table which moves 
along with the sheet as it emerges from the rollers at the same rate of speed. Three 
transportation tables carry the sheet until it has cooled sufficiently to allow cutting it 
up into the desired lengths. A double cutting edge is drawn across the surface of the 
glass sheet while at the same time it follows the movement of the sheet along with the 
transportation table, so as to produce a cut at right angles. This removes a narrow 
ribbon of glass, which drops between the two transportation tables. The severed sheet 
can then be transported to the leer. Large pots of glass are taken care of by using 
wedge-shaped ridges on the end of the casting table nearest to the rollers to divide the 
glass in separate bands taken up by separate sets of shorter rollers. The advantages 
of the process are claimed to be the following: (1) clearness of the glass produced; (2) 
avoidance of cold cracks; (3) smooth surface of the glass; (4) possibility of producing 
glass of various sizes, according to demand; (5) possibility of producing glass of various 
thicknesses, according to demand; (6) low cost of production. E.J.V. 
A successful Pennsylvania milk bottle plant. Irvinc E. Apams. Glass Ind., 8 
[9], 209-11 (1927).—An illustrated detailed description of the factory of the Atlantic 
Bottle Co., at Brackenbridge, Pa. E.J.V; 
The history of the incandescent lamp. JoHN W. HOWELL AND HENRY SCHROEDER. 
Glass Ind., 8 [9], 213-16(1927); reprinted from ‘History of the Incandescent Lamp,” 
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by H. and S.—The original electric lamps were made with a 2-piece glass envelop and 
the filament was renewable. Edison abandoned this construction for the present-day 
type of one-piece glass chamber with a thin, high resistance filament. Free blown and 
hand made bulbs were used for about 25 years before machines were developed to make 
them. Now machines having a capacity of 70,000 bulbs every 24 hours are used. The 
stem has always been made from tubing. All stems were made by hand until 1901, 
when J. W. Howell, aided by W. R. Burrows, made a successful stem-making machine. 
Various machines have been made for flaring the end of the stem tube. A tubulating 
machine was developed by W. R. Burrows in 1903, permitting the exhausting of the bulb 
through the round end. The first modern sealing-in machine, made by J. W. Howell 
in 1896, enabled an unskilled operator to complete 600 lamps a day. Methods of 
“‘tipless’’ construction are explained. The development of Meridian lamps, the Jaeger 
tipless lamp, and the stemless butt seal are discussed. P E.J.V. 
Notes on the analysis of glasses. W.E.S. Turner. Glass Ind., 8 [9], 221 (1927).— 
An excerpt of a discussion of ‘Notes on Some Methods Used in the Analysis of 
Glasses,” by Violet Dimbleby (see Bull. Amer. Ceram. Soc., 6 [4], 115 (1927).) The 
great improvement in the standard of analysis of glasses in the past 20 years or so is 
mentioned, but the need for full and free discussion of analytical methods to make 
possible better agreement in analyses by different laboratories is stressed. E.J.V. 
New glass of inestimable value to all humanity. Eruer R. Pyser. Nat. Glass 
Budget, 43 [16], 3, 25(1927); reprinted from House and Garden.—Being assured by 
scientists that the ultra-violet rays of the sun possessed a curative power equalled by 
no other agency, glass manufacturers set about to develop a new kind of glass through 
which the passage of ultra-violet rays would be unrestricted. One of the new kinds of 
glass, (manufactured in England), that will not retard the passage of the ultra-violet 
rays and which is being used extensively in hospitals, schools, hotels, apartments, etc., 
is known as ‘‘Vita Glass.’’ Recently the American Window Glass Co. introduced on the 
market a “‘Quartz-Lite’”’ glass. Scientific investigations made by the most capable 
authorities are reported as agreeing that “‘Quartz-Lite”’ glass contains the highest per- 
centage of pure quartz found in any clear glass used for windows. E.J.V. 
Describes new British bottle-blowing machine. FRANcIs REDFERN. Nat. Glass 
Budget, 43 [17], 3, 20, 24—25(1927); reprinted from Jour. Soc. Glass Tech., 11 [42], 
257-65 (1927).—For abstract see Ceram. Abs., 6 [10], 431(1927). E.J.V. 
New British 15-arm machine makes variety of bottles. Anon. Nat. Glass Budget, 
43 [18], 3, 9, 19-20, 24(1927).—A new bottle-blowing machine capable of making 
15 bottles of 10 different sizes at every revolution, or up to 90 bottles a minute, can be 
bought outright by manufacturers. A real step in advance in the construction of large 
bottle-blowing machines that is found on the Redfern type is that any one of the 15 
units can be removed from the machine and another fully adjusted for bottle making 
substituted in 45 minutes. This statement is an actual fact. Francis Redfern and others 
interested in the Redfern machine endeavored to produce one that would embody the 
following outstanding features, (1) combining refinement and precision in all its operating 
parts with that massive strength which bottle making on mass production lines demands, 
(2) capable of being adapted to the widest possible range of ware, (3) adjustable, within 
thelimits of safety, while in motion, so asto minimize loss of production, (4) articulated in 
units so as to facilitate assembly and disassembly and consequently upkeep and repair, 
(5) which will relieve the mind of the operator of the specter of mechanical breakdown 
and enable him to concentrate on mass production of bottles of the highest possible 
grade, (6) which is adapted to be used in its 6-unit size by the small manufacturers on 
mixed orders. A detailed description of the machine is given. E.J.V. 
Electric furnace makes stained glass. ANON. Nat. Glass Budget, 43 [18], 17 (1927); 
reprinted from Journal of Commerce.—A stained glass manufacturer in London, England, 
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has installed what is believed to be the first electric furnace or kiln of its kind. This 
furnace, developed during the last year, is rated at 10 kw and has top and bottom 
nickel-chrome heating elements totally enclosed in special core bricks. The glass is 
treated in trays at various temperatures between 800° and 950°C, which are obtained by 
a specially designed rheostat in the heating circuit that, according to the article, gives 
immediate and accurate variations of temperature. Auxiliary chambers at the top and 
on both sides of the kiln are used as preliminary warming compartments. Comparing 
the costs of operation of the previous furnace to the new electric furnace the ratios are 
5 to 3 for separate years of equal production. Also, the electric furnace is more com- 
fortable for the operator and gives considerable improvement in the finished product. 
E.J.V. 
The glass industry in Czechoslovakia. ANon. Pottery Gaz., 52 [603], 1456-58 
(1927).—There are close to 150 glass factories in Czechoslovakia, of which practically 
two-thirds are in Bohemia. Under normal conditions some 30,000 workers are employed 
in these factories, though probably double this number are engaged in the glass industry 
on the basis of home work. About 80% of the wares produced are exported. The 
greater proportion of glass ware produced is of the hollow-ware variety, although window 
glass is made in 17 factories, bottle glass by at least 7 factories, and glass mirrors in some 
bulk by 7 separate establishments. Two important places identified with the production 
of glass ware are Steinschoenau and Haida. The products of some of the individual 
factories are discussed. E.J.V. 


Coloring agents in glasses and glazes. HERBERT JACKSON. Pottery Gas., 52 {603}, 
1460-61 (1927).—Copper can be introduced into a glass or glaze so as to produce reds, 
browns, yellows, greens, blues, purples, and black. In some cases the colors can be 
seen by transmitted light, in others only by reflected light. The red form of cuprous 
oxide is the better known and is produced when copper is heated in a limited supply 
of air. A yellow form is also obtainable under certain conditions. If the proportion 
of cuprous oxide introduced into the glass be about 8%, the whole of it dissolves in the 
glass at the temperature of 1000°C at which the glass is made. If the glass be quickly 
chilled from this temperature no color, except the almost unavoidable green color due to 
oxidation of part of the copper, will be seen; the glass is a nearly colorless transparent 
one. On reheating this glass it is possible to produce, according to the temperature to 
which the glass is raised and the length of time during which it is heated, comparatively 
large crystals or aggregations of crystals of red cuprous oxide, smaller crystals of the 
same form, or particles so small as not to be recognized as crystals under the micro- 
scope. Along with these are frequently obtained definite crystals of the yellow form, 
clouds of yellow particles, and, if the reheating be gentle, the particles of yellow cuprous 
oxide are so small as to be unrevealable by the microscope, and what is obtained is a 
clear yellow, transparent glass. Here, from the two forms of one and the same oxide of 
copper, we have a range of colors associated with the proportions in which the two forms 
are mixed in the glass and with the size of their particles. In a glass of the same com- 
position cupric oxide may give a very marked blue color if the glass is made at a com- 
paratively low temperature (100° to 1100°C); whereas with the same concentration of 
copper and the same glass made at a higher temperature, about 1300°C for instance, 
there is a very marked green shade in the blue. It is worth pointing out that the blue 
low-temperature glass is green while hot. With many glasses made at a higher tem- 
perature, cupric oxide gives an olive green color. Ferrous oxide gives the well-known 
color to glass of the nature of window glass. This color is considerably modified by the 
composition of the glass, for instance, by the presence in the glass of zinc oxide or mag- 
nesium oxide. The former intensifies the color produced by any given amount of ferrous 
oxide and changes the usual green into almost a blue. A similar change occurs with 
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magnesium oxide, but the intensification of the color is less marked. Among the alkalis, 
lithium oxide also tends to give a bluish tint to glasses containing ferrous iron. It is 
doubtful if the colors produced by ferric oxide are due to compounds of this oxide with 
the other constituents of the glass. Ferroso-ferric oxide, magnetic oxide of iron, gives 
in certain glasses neutral tints of various depths, but with high concentration of this 
oxide a black glass can be obtained. If the concentration of the ferroso-ferric oxide be 
high enough, some of this oxide will come out on cooling so as to be dispersed through 
the glass in very minute aggregations which are, however, presumably crystalline since 
the resulting glass is appreciably magnetic. The above remarks refer to glasses con- 
taining the whole of the iron in the ferroso-ferric form. Long exposure to sunlight will 
cause glass to develop color ranging from a pink, through various depths of rose-violet 
almost to a marked blue-violet. Some window glasses also become colored with a 
brownish-yellow tint by long exposure to sunlight, but the color is not usually noticeable. 
The color developed in a glass by exposure to sunlight is partly determined by the com- 
position of the glass. E.J.V. 
PATENTS 

Glass furnace. Grecory D. Mantie. U. S. 1,639,657, Aug. 23, 1927. A glass 
furnace of the continuous type 
having a melting chamber and a 
working chamber separated by 
a bridge wall of less height than 
the interior of the furnace where- 
by the upper portion of the 
furnace is continuously open to 
the passage of gases there- 
through, and a partition ex- 
tending horizontally over the working chamber, which is provided with auxiliary 
heating means. 

Method for grading and delivering sand to glass-grinding machines. James W. 
CRUIKSHANK. U. S. 1,640,029. Aug. 23, 1927. In the method of grinding plate 
glass, the steps consisting in feeding coarse and medium coarse sand to the glass and 
grinding the glass therewith, and then feeding to the glass successive portions of a single 
continuous sand deposit containing a 
perfect sequence in a common hori- 
zontal plane of sand grains graded in 
accordance with the linear dimensions 
thereof, substantially as described. 

Method and apparatus for regu- 
lating glass machines. PETER KUCERA. 
U. S. 1,640,944, Aug. 30, 1927. The 
method of maintaining uniformity in 
the volumes of glass charges fed to 
molds, which method comprises mea- 
suring the volume of a charge and 
causing the variation of said measure- 
ment from a predetermined standard 
to regulate the volume of each of a 
series of consecutive charges in accordance with said standard charge. 

Apparatus for feeding molten glass. JuLtrus H.O. Bunce. U. S. 1,641,133, Aug. 
30, 1927. Glass-feeding apparatus comprising a container including a cylindrical dis- 
charge chamber having an outlet, a discharge-controlling plunger in working alignment 
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with said outlet, and an arcuate gate adjacent to and at one side of plunger and forming 
a continuation of the wall of the chamber for controlling the admission of glass to the 
outlet. 

Machine for forming glass articles. RicHARD LA France. U. S. 1,641,497, Sept- 
6, 1927. The combination with means for maintaining a circulation of glass past a 
gathering area, of a glass-forming machine comprising a plurality of heads each carrying 
a plurality of suction gathering molds, a plurality of cutters on each head coéperating 
respectively with the molds, means to bring the molds into contact with the molten glass 
at the gathering area and gather by suction as the carriage rotates, and means to operate 
the cutters on a head in succession, the cutting operations being timed and arranged to 
cause the severed glass dropping from each mold to reénter the pool of glass at a point 
beyond the gathering area. 

Method of producing pressed sheet glass. ENocuH T. FERNGREN. U. S. 1,641,806, 
Sept. 6, 1927. The process of producing sheet glass, consisting in flowing a quantity 
of glass into a mold, pressing the quantity of glass into sheet form, and then fire-polishing. 
the same. 


Constant-temperature heater for sheet-glass-drawing machines. WILLIAM A. GIBSON 
U.S. 1,641,807, Sept. 6, 1927. Ina 
sheet glass drawing machine, a 
hollow container adjacent the path 
of travel of the sheet, a mass of 
material in the container whose 
melting point is slightly higher 
than the temperature at which the 
sheet is to be maintained, and 
means for keeping the material in 
a partially melted condition. 


Process and apparatus for drawing sheet glass. ENoch T. FERNGREN. U. S. 
1,641,883, Sept. 6, 1927. In a sheet glass drawing appa- 
ratus, including means containing molten glass, means for 
drawing a sheet of glass therefrom, and rolls having sub- 
stantially the form of an oblate spheroid, engageable with 


the sheet edges. 
Sheet-drawing apparatus. Nestor MAm- 
BOoURG. U. S. 1,641,894, Sept. 6, 1927. Ina 
sheet glass drawing apparatus, including a 
draw-pot having a bath of molten glass therein, 
and a lip-tile arranged above the pot, a re- 
movable member interposed between the end 
of the lip-tile and the glass and extending below 
the surface of the glass, said member being 
adapted to be removed without interfering 
with the lip tile. 
Method and apparatus for annealing and cooling sheet glass. WuLLIAM L. Monro. 
U. S. 1,641,896, Sept. 6, 1927. In the method of annealing and cooling sheet glass, 
the steps consisting in supplying flat hot glass to a horizontally extending leer tunnel, 
roviding substantially smooth and continuous streams of gases through the tunnel 
above and below the glass level, and amplifying the cooling effect of the lower stream 
relative to the upper stream by increasing the velocity thereof above its natural velocity 


substantially as described. 
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Glass furnace. M. NEENAN. 
U. S. 1,641,898, Sept. 6, 1927. In a con- 
tinuous tank-furnace for supplying molten 
glass to a glass-working machine, means 
for restricting the flow of the upper glass 
strata through the tank, comprising an 
internally water-cooled metallic partition 
member extending transversely across the 
tank and projecting down through the 
uppermost strata of the molten glass, and having a slot or passage for allowing the glass to 
flow therethrough, the slot being below the normal glass level. 

Apparatus for flattening sheet glass. EL_pripce J. Cas- 
SELMAN, NICK GRIFFITH, AND CHARLES E. Jounson. U. S. 
1,641,918, Sept. 6, 1927. Apparatus for flattening glass, 
comprising a chamber having therein a supporting body for 
the glass to be flattened, the body being of a glass-like 
character and having a higher melting point than the glass. 

Sheet-glass apparatus. Henry F. Ciarx. U. S. 1,641,920, Sept. 6, 
1927. Sheet-glass apparatus, comprising‘a traction roll movable toward 
and away from a glass sheet, and means for supplying an increasing 
resistance to movement of the roll as it moves toward the glass sheet. 

Method and apparatus for making wire glass. JosepH A. Reece. U.S. 
1,641,932, Sept. 6, 1927. The method of making wire glass, by drawing a 
sheet of wire mesh downwardly, and flowing a stream of 
molten glass evenly and continuously from a pool of 
molten glass onto each face of the wire mesh, the exposed 
surface of each stream flowing from the exposed surface 
of the pool without touching any solid bodies till after it 
has formed an outer surface of the glass sheet. 

Method and apparatus for forming sheet glass. James C. BLarr. U.S. 1,641,948, 
Sept. 6, 1927. In sheet glass apparatus, means for drawing a sheet from a mass of molten 
glass, positive means for forming edges on said sheet, and means above said edge forming 
means for preventing lateral movement of the edges. 

Glass-manufacturing machine and method. 
PANCRAS SCHOONENBERG. U. S. 1,642,312, Sept. 
13, 1927. A method of continuously drawing 
tubes or rods being composed of several glass 
layers which are fused together consisting in 
supplying various currents of glass to a rotating 
member so as to form layers which are fused 
together, drawing the glass from the end into 
the shape of a tube or rod. 

Glass-working apparatus. THEODORE C. 
STEIMER. U. S. 1,642,430, Sept. 13, 1927. A 
machine for fabricating glassware comprising a 
rotatable mold table, a gear carried by the mold 
table, a driving gear rotatable on an axis displaced from the axis of the mold table and 
meshing with the first-named gear, and a reciprocable rack connected to rotate the 
driving gear intermittently in onedirection. 

Glass-working machine. Minor K. Hoimes. U. S. 1,642,658, Sept. 13, 1927. 
In a glass working machine utilizing a pressing pin to be extracted from the finished arti- 
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cle, means for presenting a series of molds successively to successive stations, a press 
plunger, an extracting plunger, a transfer basket formed to receive a circumferential 
series of press pins, a transfer arm arranged to receive pins from the extracting plunger 
and deliver the same to the transfer basket, a transfer arm arranged to receive pins from 
the transfer basket and deliver the same to the press plunger. 

Glass pressing and blowing machine. FRANK O’NeEmLL. U.S. 1,642,660, Sept. 13, 
1927. A glass forming machine embodying a first rotary carrier, an annular series of 
one-piece molds mounted on the first carrier, a two-part ring top section for each press 
mold and thereabove, a second rotary carrier, an annular series of blow molds mounted 
on the second carrier, a two-part ring top section for each blow mold and thereabove, and 
means for radially shifting and then opening the two-part ring of the first carrier into 
delivery position as to the two-part ring of the second carrier. 

Annealing leers. British HARTFORD-FaAIR“oNt SYNDICATE, Ltd. Brit. 273,724, 
Aug. 31, 1927. A current of gaseous medium is maintained in a glass annealing leer 
of the tunnel type to counteract the tendency for atmospheric air to enter at one end 
and to flow along the tunnel. Temperature conditions are controlled by heating-gases 
passing through flues beneath the conveyer and by cooling air passing through roof 
flues; the heating-gases and air are withdrawn by a fan through damper-controlled 
connections and a regulable portion of the mixture is returned to the tunnel through 
the connection to provide the counteracting current. Preferably the connection delivers 
into the discharge end of the leer through oppositely directed passages so that by adjust- 
ment of a valve the current can be directed either way, and means, such as a movable 
wall may be provided for varying the cross-section of a passage. 

Glass manufacture; conveyers; furnaces. British HARTFORD-FAIRMONT SYNDI- 
CATE, Ltp. Brit. 274,068, Aug. 31, 1927. A device for transferring glassware to a leer 
comprises a transfer arm which can be swung about a horizontal axis to lift the ware 
from a receiving-position on to the leer belt, and means for moving the arm horizontally 
in order to distribute the ware on the leer belt. It comprises a frame which is journaled 
in bearings on a fixed frame so that it can be swung about a vertical axis. The frame 
carries a pair of depending arms and a shaft, journaled in the frame, carries 2 cranks and a 
sprocket wheel. A chair which has one end fastened to the rim of the sprocket, passes 
around this whéel and a second sprocket, and its other end is connected to the piston 
rod of an air cylinder. Another chain, which has one end connected to the crank, 
passes around a sprocket secured to an arm that swings about a shaft fixed to the de- 
pending arm. The other end of the chain is secured to the piston rod of the air cylinder, 
and a constant air pressure is maintained below the piston in the cylinder. Thus when 
air under pressure is admitted to the cylinder, the arm is swung in one direction, and 
when the air pressure is released, the arm is swung backwards by the constant air pres- 
sure in the cylinder. Another similar arm is similarly operated by a crank but its 
operating chains are so arranged that the two arms swing simultaneously in opposite 
directions. The arm carries tongs which are closed by springs and are opened by an 
air cylinder which forms part of the gripper head. The gripper head is pivoted on the 
end of the arm, and an endless chain which passes a sprocket on the fixed shaft and 
another sprocket which is fixed on the gripper head, keeps the head vertical whatever 
the position of the arm. The tongs are so operated that they close on a bottle which 
has been brought up by a conveyer, and then release it when it has been lifted on to the 
like belt. In order to distribute the bottles across the leer belt, the frame is swung hori- 
zontally by a drum secured to a shaft and having a cam slot which is engaged by an 
arm secured to the frame. The drum is rotated, through a ratchet wheel and a pawl by 
the sprocket over which the chain passes. Thus each movement of the arms moves the 
drum and so moves the frame horizontally through a small angle. The two arms may 


514 CERAMIC ABSTRACTS 


be arranged to remove bottles from one conveyer or from separate conveyers connected 
with different forming machines. 

Glass manufacture. UniteED GLAss BorrLE MANUFACTURERS, Ltp. and J. TIPPING. 
Brit. 274,370, Sept. 7, 1927. Relates to a feeder of the reciprocating plunger type and 
consists in providing means for independently varying the time and stroke of the plunger 
and for independently timing the action of the shears, so that successive “‘gobs’’ of 
different weights and in a particular order may be delivered to the forming-machine. 
The plunger, which expels the “gobs’’ of metal through an outlet in a forehearth, is 
attached to a rack which is engaged by a pinion ona shaft. This shaft is connected by 
shafting and bevel gearing with a pair of meshed pinion wheels secured on vertical 
shafts on each of which a number of superposed fingers or levers are mounted. A 
number of superposed driving-cams are mounted on a vertical shaft between plates, and 
are positioned adjacent to the shafts. Each cam consists of an annular member having 
internal teeth, external projections, and rollers. The shaft is driven from the machine 
for forming the glassware. The plates carry shafts, each of which carries two pinion 
wheels. One of these pinions engages with the internal teeth of a cam and the other 
engages in a toothed recess in the plate to lock the shaft. By lifting one of the shafts 
so that the pinion passes out of engagement with the recess in the plate, a cam can be 
advanced or retarded relatively to the others. Each of the rollers on a cam engages in 
succession a pair of the levers and thereby causes a reciprocation of the plunger. Each 
lever may be rotated relatively to its shaft, and the lower end of each lever may be moved 
relatively to its hub. Thus the adjustment of the cams and the levers enables the length 
of the stroke of the plunger, the time taken for the up and down strokes, the dwell 
between the up and down strokes and between successive reciprocations, to be varied 
so that a succession of “‘gobs”’ of different weights can be delivered from the feeder, 
Shearing. The shears are operated by the piston of an air cylinder and the operation 
is controlled by a series of bleeder valves which are connected by flexible tubes and pipes 
with the control valves of the cylinder. The bleeder valves are in pairs, of which one 
valve controls the opening of the shears and the other controls the closing. These 
valves are mounted on arc-shaped supports and are operated by the cam projections. 
The valves can be adjusted on their supports, so that the times of opening and closing 
of the shears, and the interval between them, can be adjusted for each “‘gob.’’ If de- 
sired, the shaft can be driven by a motor, and other driving-cams can be provided for 
controlling the movements of an air-driven forming machine. 


Glass manufacture. Polishing by heat. R. Brown. Brit. 274,377, Sept. 7, 1927. 
A machine for fire-finished pressed ware, particularly tumblers, comprises a device for 
sticking the ware on to punties and another device for carrying the ware through a glory 
hole. A tumbler when taken off the press, is placed in an inverted position on a ‘“‘shape”’ 
on a table above which a punty is supported by horizontal forked brackets. The table 
can be moved vertically by means of a pedal to bring the hot tumbler into contact with 
the end of the punty, to which it adheres. The punty is fitted with flanged runners and 
a grooved pulley. The punty, with the tumbler attached, is removed from the supports 
and is placed on a pair of counterbalanced levers, which are depressed by the weight of 
the punty and transfer it to a pair of rails on which.the runners rest. An endless belt, 
driven by a motor makes contact with the pulley and rolls the punty along the rails. 
During this movement, the tumblers are rotated and carried through a glory hole and 
are fire polished. If desired, a tumbler can be stuck on to each end of a punty and a 
glory hole placed on each side of the track. Spring punties may be used when such ware 
as dishes or sugar bowls are to be finished. 

Method of keeping glass, fed automatically, at uniform state of fusion.. YOsHIJIRO 
TOKUNAGA. Japan 5,222, June 3, 1925. The glass around the feeding orifice is kept 
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at uniform temperature by building a wall close to it or changing the direction or position 
of the gas burner. S.K. 

Method of treating glass for a clinical thermometer. Tozo NAKAMURA. Japan 
5,445, June 24, 1925. Glass for a clinical thermometer is heated and cooled in water 
before filling it with mercury. S.K. 

Process of manufacturing silky glass. FUKUTARO TAKENAKA. Japan 3,116, Feb. 
4, 1925. A lump of molten common glass is coated with cold saturated solution of 
carbonate or ammonium phosphate. After drying, it is covered with a molten clear 
glass. A layer of bubbles is formed between the glasses by the treatment. Then the 
whole mass is heated and drawn into a rod. S.K. 

Method of manufacturing lens body. SHozo Konisui. Japan 3,132, Feb. 6, 1925. 
A piece of lens glass is placed on refractory mold and is heated until it takes a round form 
due to its surface tension. Then it is pressed. S.K. 

Method of manufacturing porous glass. SHoji OKAzAkI. Japan 3,680, March 11, 
1925. Organic matters, such as saw-dust, hay, straw, wood chips, etc., and ammonium 
salts ore kneaded with an adhesive substance like molasses, paste, or sea-weeds sap. 
The product is added to the batch in order to manufacture a glass with a silky luster. 


S.K. 
Glass transmitting ultra-violet rays. IcHiRo TAKAHASHI. Japan 3,811, March 
18, 1925. Its empirical formula is 0.25—1.00 alkali - 6SiO, -1-3 B,Os. S.K. 


Process of preparing flux for glass colors. JuKicHi Ito. Japan 6,687, Oct. 16, 
1925. A flux for colors used in decorating glass ware by muffle fire is prepared by melting 
a batch composed of bismuth metaborate, lead metasilicate, quartz, calcined borax, 
and borates of magnesium, aluminium, and zinc in a pot. The clear melt is poured in 
water. It is then ground and dried. The flux is extremely fusible and resists well 
to acids and alkalis. S.K. 

A tank furnace for opalescent glass. FUKUTARO NAGASHIMA. Japan 6,763, 
Oct. 28, 1925. A closed tank furnace has a flame-ejecting pipe in its center. The 
pipe is built in such a way that the flame does not strike on the surface of glass. 

S.K. 

Process of joining metal to glass. THe Tokio ELectric Co. Japan 6,991, Nov. 
18, 1925. Metal and glass are joined air-tight by attaching molten glass to a very 
sharp knife edge of the metal. SK. 

Method of manufacturing glass. SHINKICHI HoRIBA AND TosAKU YOSHIOKA. 
Japan 8,623, May 5, 1926. In the manufacture of glass, whose batch contains sodium 
chloride as soda material and is exposed to steam in order to fix the soda with silica at 
a temperature high but not enough to melt the batch, one or more of oxide, carbonate, 
or hydroxide of alkaline earth metal other than calcium or heavy metal are added to 
the batch in small quantities as catalyzers. The batch is then melted as usual. 

S.K. 

Process of manufacturing fluid-holding lens. BuKAN Taba. Japan 6,199, Aug. 
28, 1925. The hollow space between two pieces of glass ground well at edges is filled 
up with glycerine or fluid paraffin at high temperatures. S.K. 

Pot furnace. Kosuke Hirano. Japan 6,563, Oct. 7, 1925. A gas preheating 
chamber is built between two recuperators under the furnace floor so as to preheat air 
with a part of waste gases which pass through refractory pipes in the chamber. More- 
over, a gas branch flue is built under the floor or at a side of the furnace, opening at its 
rear part, for the purpose of burning off carbon in the chamber by leading the combustion 
gases produced at the port downward through the chamber. S.K. 

Optical filter. —TTHe Tokio ELectric Co. Japan 7,328, Dec. 23, 1925. The in- 
vention relates to the red filter which is fluorescent and absorbs ultra-violet rays. It 
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may be a red glass containing uranium or iron, or it may be prepared by coating uranium 
or iron glass with a film of a red dye. SX. 

Apparatus for matting inside of bulb for incandescent lamp or similar glass ware. 
Tue Tokio Extecrric Co. Japan 10,197, Sept. 15, 1926. Bulb or similar ware is 
etched and then washed automatically. An automatic apparatus whereby bulbs or 
similar ware are continuously etched and washed are shown with drawings. S.K. 

Light-diffusing colored glass ware. THE Tokio ELectric Co. Japan 9,691, Aug. 
4, 1926. Glass ware used for lighting or other purposes has a mat surface while the 
opposite side is covered with a colored transparent paint. S.K. 

Method of manufacturing porous plate for purifying sewage. Kuyuro Fujiwara. 
Japan 67,637, March 1, 1926. One volume of glass powder is mixed with 5 volumes 
of uniformly grained river sand. The mixture is kneaded with addition of glue solution. 
Plates made of the compound are fired up to the melting point of the glass. S.K. 

A liquid for preventing dimness of glass surface due to steam or water drops. 
FusAnori Nozawa. Japan 9,296, July 5,1926. A mixture of alkali salt of sulphonated 
vegetable fatty oil, caustic alkali, glycerine, and sodium silicate is applied on glass 
surfaces. Then the surfaces are wiped. The mixture reduces the surface tension of 
water and the formation of water dross is hindered. S.K. 


Heavy Clay Products 


A study of flue lining. R.A. HART AND H. W. CLarK. Jour. Amer. Ceram. Soc., 
10 [10], 795-803 (1927).—Investigations conducted on various types of flue lining 
following the failure of several lengths in a chimney are described and data thereon are 
given. Standardization on a round tile lining with a minimum area of ninety-five 
square inches, and having a modified tongue and groove joint is recommended. The 
resistance to rapid temperature changes should also be improved. 

The efflorescence of bricks and walls. W. von Dretericn. Brit. Clayworker, 36 
[424], 134-45 (1927).—T wo enemies of the brick and tile trades which are difficult to 
overcome are white scum on the brick produced in the kiln and the development of 
efflorescence or wall saltpeter which, under the influence of moisture, appears in walls 
after a longer or shorter period. Both are due, in most cases, to the presence of soluble 
sulphates particularly gypsum. Efflorescence in walls is sometimes due to the jointing 
material. The following causes may be the origin of scumming: (1) the clay itself 
may contain the sulphate in the form of soluble gypsum; (2) the clay may contain 
pyrites, so that during the process of firing the sulphide yields sulphuric acid which, 
combining with the calcium, magnesium, or sodium present in the clay, permeates the 
brick in the form of a soluble sulphate; (3) the water used for mixing the clay may con- 
tain gypsum in solution; (4) the sulphuric acid may be produced in the kiln gases by 
sulphur present in the fuel. Barium carbonate mixed with the raw clay combines with 
the deleterious sulphates and the brick produced is satisfactory as all salts present are 
insoluble. A manual method for determining amount of barium carbonate required 
in the clay used is described for use in plants where no laboratory is available. A 
method which covers both clay and water is given for use in plants where a small labora- 
tory is available. . R.A.H. 

One hundred forty-five men make 300,000 soft-mud brick daily. ANon. Brick 
Clay Rec., 71 [5], 322-35 (1927).—The Dennings Point Brick Works at Beacon. N. Y., 
makes 300,000 brick in two machines, working one of them two shifts. This plant has 
more new and unusual features than any other soft-mud plant and is pioneering in new 
manufacturing processes. An overhead crane is used in clay storage, with two cranes 
in the kiln shed. Brick are set 80 high, 78,000 to an arch. Five men set 300,000 brick 
per day. The firing is done in scove kilns, using portable scoving which is handled 
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by the crane. Molding sand is dried on cooling kilns. A study of the plant reveals a 
total disregard cf precedent in laying out the machinery and equipment for practically 
every process involved in transforming the raw clay in the pit to fired brick. 
E.J.V. 
Better brick $100 per kiln cheaper. Anon. Brick Clay Rec., 71 [5], 340-42 (1927). 
—The New England Brick Co. installed a high pressure air-oil firing system in its 
Cambridge, Mass. plant, discarding the old method of atomizing the oil by steam. 
After a year’s trial the treasurer is convinced it was a profitable investment from the 
standpoint of firing costs, grade of ware produced, and convenience in handling. Various 
features of this plant are described. E.J.V. 
Just a real good hollow tile plant. ANon. Brick Clay Rec., 71 [6], 410-15 (1927). 
—The Eastern Illinois Clay Co. at St. Anne, Illinois, has a new unit which is strictly 
modern in every detail. Clay cars are hauled from the pit by a hoist. Conveyers 
eliminate much labor. An automatic temperature control is used on the drier. A 
pulverizer grinds dried tile waste. Transfer cars operate on a 3-track electric trolley. 
A coal unloader handles the fuel efficiently. The new unit is to make drain tile. 
E.J.V. 


Reducing costs by plant improvement. Haro_p Coppinc. Brick Clay Rec., 71 
[6], 419-22 (1927).—-TThere was a time when it was all “clay working” and little “clay 
manufacturing”’ but since the introduction of machinery of every kind which gave pro- 
mise of making better brick or tile with less labor, greater efficiency, and at a lower cost, 
it has become ‘‘clay manufacturing.’’ Different types of machines and mechanical 
devices used in the brick industry are described and discussed. Paving of pathways in 
plant yards with brick will effect a considerable saving. E.J.V. 

Clay products in Armory Building. ANon. Clay-Worker, 88 {2}, 101-103 (1927).— 
A description of the use of terra cotta and brick in the Armory Building of the Indiana 
National Guard in Indianapolis. Brick are used in stone trimmed panels as decorative 
walls, and as wainscoting in the corridors. The front of the building is of fine terra 
cotta, with the other walls of brick. E.J.V. 

The evolution of brick and brick making in the United States. Grorce M. FIsKE. 
Clay-Worker, 88 [2], 110-12 (1927).—Another of a series of articles on this subject dealing 
with the evolution of brick making machinery. The texts of two papers read in 1906 
on ‘“‘What Machinery Men Have Done for Brick Makers,”’ by J. H. Chambers, and 
“What Brick Makers Have Dorie for Machinery Men,” by A. L. Converse, are given. 
For preceding articles see Ceram. Abs., 6 [9], 362; [10], 441 (1927). E.J.V. 

The Boston Brick Company plant at Gonic, N. H. F. A. Westsroox. Clay- 
Worker, 88 [2], 113-15 (1927).—A description of the larger of two plants owned by the 
Parry family of Mass. This plant turns out from 12 to 14 million water-struck and sand 
brick a year. Three distinct types of product are turned out, the standard water- 
struck brick, sand brick, and the specials. The latter are a very profitable and impor- 
tant part of the business. Some of the machinery used was designed and patented by 
members of the family. The clay crusher was designed by W. A. Parry, while the 
grinder, double shaft pugging mill, dumping table, conveyer, and brick machine were 
designed by Robert A. Parry. He also devised the firing system in use at the plant. 

E.J.V. 

Some new ideas in clayworking. H.R. Srraicut. Clay-Worker, 88 [2], 120-22 
(1927); reprinted from Jour. Amer. Ceram. Soc., 10 [5], 367-72(1927); see Ceram, 
Abs., 6 [7], 282(1927). E.J.V. 

The history and manufacture of vitrified clay pipe. ANon. Ceram. Age, 9 [6], 
171-77 (1927).—Salt glazed vitrified clay pipes are dense and impervious to a high 
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degree. They owe their high utility in sanitary work to their permanent smoothness 
and cleanliness of surface. Tests show that vitrified pipe is unaffected by acids after 
long exposure. The permanence of this product is shown by the fact that clay pipe 
has been unearthed from the ancient cities in a high state of preservation. Sewers are 
required to withstand chemical attacks as well as physical shocks and their stoppage in 
a modern city means pestilence. Vitrified clay pipe is used in the construction of 
sewers, culverts, underground heat conduits, underground electrical conduits, for the 
protection of piling exposed to sea water and for many drainage purposes. An account 
of the development of salt-glazed sewer pipe is given, the origin and chemical composi- 
tion of the raw materials ordinarily used are discussed; and then the modern process 
of manufacture is described in detail, the mining, preparation, molding, drying, setting, 


firing, and glazing processes being described. A.E.R.W. 
Preparation of sewer pipe. ANon. Master Builder, 773, 61—64;. Tonind. Zig., 

51 [38], 680(1927). F.P.H. 
Heat recovery and driers for brick plants. A. Rumcke. Tonind. Zig., 51 [51], 

904-906 (1927). F.P.H. 


The method for testing building brick in compression. H. BurcHARTz. Tonind. 
Zig., 51 [58], 1028-31 (1927).—The following topics are discussed and data on these 
topics are presented in table and graphical form: (1) influence of age of mortar on 
compressive strength, (2) influence of form of test specimen on compressive strength; 
3 forms are tested namely: (a) specimen of two one-half brick, (+) specimen of cubic 
form, (c) specimen of cylindrical form. Tests on these various forms were carried out 
on a number of brands of brick and sand-lime brick. The values for the clay bricks 


are compared with those obtained for the sand-lime bricks. PY .0. 
The most favorable brick size. EpGAR AtzLER. Tenind.Ztg., 51 [59], 1041-44 
(1927). 
The firing of sewer pipe. VON SIECKENIUS. Tonind. Ztg., 51 [67], 1180-82 (1927). 
—A contribution to the calculations involved in firing sewer pipe. PP ee. 
PATENTS 


Separator for bricks and method of piling the same. EpcGar C. CLARK. U. S. 
1,640,691, Aug. 30, 1927. A spacer for use in stacking bricks 
comprising a strip of sheet material bent longitudinally to 
form an upstanding portion adapted to be interposed between 
two horizontal rows of bricks arranged in parallel vertical 
planes, and a portion extending at substantially a right angle 
to the upstanding portion to be positioned between 2 super- 
posed rows, said strip being of sufficient length to face a 
é plurality of bricks. 

Apparatus for and method of simultaneously texturing both ends of bricks. EMMETT 
V. Poston. U. S. 1,641,046, Aug. 30, 1927. A device for simultaneously texturing 
both ends of brick comprising in 
combination a surface comb for the 
top surface of the green-clay column 
as the same is discharged from the 
forming die; a V-shaped scraper 
operatively connected to the comb 
and adapted to scrape the clay 
crumbs that are scratched up by 
comb off the surface; a pair of oppositely disposed combs for scratching the edges of the 
clay column; a pair of oppositely disposed surface rollers spaced from combs for the 
edge and a pair of blowers having blow pipes provided each with a hopper; hoppers 
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positioned slightly below the top surface of the clay column along the side thereof and 
registering with the outer terminals of the scraper; hoppers each provided with a one- 
way valve on the side next to the blower; blow pipes each terminating under the for- 
ward arc of corresponding rollers whereby the clay crumbs scratched up by the top 
surface comb on the clay column may be automatically scraped off the side, dropped 
into the hoppers of blow pipes where from the action of the blower they are forced out 
the ends of the blow pipes and discharged 
forcibly against the edges of the clay column 
just as the side rollers catch them and press 
them simultaneously on both edges firmly into 
the clay column. 

Process of texturing brick. EMMETT V. 
Poston. U. S. 1,641,047, Aug. 30, 1927. The 
method of ornamenting plastic surfaces of a 
clay stream in plastic state comprising project- 
ing against the surfaces granules of material 
on a fluid current at such velocity whereby 
the granules will scarify the surface and deflect 
from the surface. 

Process of veneering brick. Emmett V. 
Poston. U. S. 1,641,048, Aug. 30, 1927. The 
process of ornamenting the plastic surface of 
a clay column consisting in forcibly projecting 
granular material into the plastic surface 
of the column by a fluid stream. 

Process of veneering brick. EMMetTT V. 
Poston. U. S. 1,641,049, Aug. 30, 1927. The 
process of veneering 
brick consisting in moving a plastic clay column out of a die 
and moving powdered and granular particles of dry clay out 
of a hopper through a plurality of distributing tubes, from 
which dry clay particles are forcefully ejected by steam jets, 
and moistened and projected onto the plastic side and top 
surfaces of the clay column; and subsequently spraying 
surfaces of the column with coloring pigments. 

Plant for manufacturing ceramic products. WILLIAM LEE 
HANLEY, JR. U. S. 1,641,582, Sept. 6, 1927. In a plant 
for manufacturing stiff-mud ceramic products, the combination of a firing kiln of the 
tunnel type having a track for tunnel cars extending therethrough, an exterior track for 
tunnel cars substantially parallel thereto, transferring means at each end of the kiln 
and exterior tracks for transferring the tunnel cars from one to the other, of a forming 
machine located adjacent to the exterior track and near the center of its length and 
provided with an off-bearing belt for conveying the moist bricks to tunnel cars on 
the exterior track, of a drier located in the line of the exterior track between the off- 
bearing belt and one of said transfer means, and having its discharge end directly 
adjacent to said transfer means whereby the cars of dry products are transferred 
directly from the drier to the kiln without material loss of heat. 

Plant for manufacturing ceramic products. WiLLiAM LEE HANLEy, JR. U. S. 
1,641,583, Sept. 6, 1927. In a plant for manufacturing ceramic products, the combina- 
tion with a pair of tunnel kilns arranged side by side and having a track for tunnel cars 
extending therethrough, car transferring means located at each end of said kilns, a 
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plurality of exterior tracks for tunnel cars substantially parallel to the kiln tracks and 
extending from one transferring means to the other, a forming machine for producing 
ceramic products, provided with an off-bearing belt extending over exterior tracks at a 
height sufficient to permit the passage of the tunnel cars beneath the same, the off-bearing 
belt extending transversely with respect to the tracks and being located near the cen- 
ter of length of exterior tracks, drying means located between off-bearing belt and one 
of the transferring means, the exterior track passing in a substantially straight line from 
the off-bearing belt to and through the drying means, an unloading and sorting plat- 
form located between the off-bearing belt and the other transferring means, disposed 
transversely of exterior tracks and extending above the same at a height sufficient to 
permit the passage of the tunnel cars beneath the same. 


Plant for manufacturing ceramic products. WiLLI1AM LEE HANLEy, JR. U. S. 
1,641,584, Sept. 6, 1927. Ina plant for manufacturing ceramic products, the combina- 
tion with a firing kiln of the twin tunnel type, having 2 parallel tracks for tunnel car. 
moving in opposite directions therethrough, a plurality of exterior tracks for tunnel 
cars located alongside of the kiln and substantially parallel thereto, transferring means 
at each end of the kiln for transferring tunnei cars between the exterior tracks and kiln 
tracks, of a forming machine located adjacent to the exterior tracks, an off-bearing 
belt extending therefrom over exterior tracks, a drier located between the off-bearing 
belt and one of the transfer means and enclosing certain of the exterior tracks, and a 
drier located between the off-bearing belt and the other transfer means and enclosing 
the others of the exterior tracks. 

Brickmaking plant. Witt1aAm Leg HAntey, Jr. U. S. 1,641,585, Sept. 6, 1927. 
In a plant for the manufacture of ceramic products, the combination with a kiln, pro- 
vided with means for receiving cars carrying the products to be fired, exterior tracks 
for receiving said cars when removed from the kiln, a heat collecting dome extending 
over exterior tracks, and means for conducting the air heated by fired products from 
the heat collecting dome to a point where said air may be utilized. 

Lining block for sewers and the like. Louis P. KovANDA AND JAy H. HUBBELL. 
U. S. 1,642,417, Sept. 13, 1927. A lining 
for sewers and the like, comprising 
segmental blocks of vitrified earthen 
material each having portions of its 
edges adjacent to one of its faces cut 
away to form grooves, the inner portions 
of which grooves are undercut so that when 2 lining blocks are placed edge to edge, 
an undercut channel is formed be- 
tween the meeting edges of the 2 
blocks and a filling of acid and alkali 
proof material.within the undercut 
channel and the relatively narrow 
mouth thereinto. 

Brick machines. R. HickTON. 
Brit. 273,445, Aug. 24, 1927. In 
brick or block presses of the type in 
which the material is compressed 
upwardly against a hinged lid, the 
bottom plate or ram is carried by 
guide rods movable vertically to 
effect discharge and pressure is 
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applied through levers linked to blocks sliding on the guide rods. As shown, the mold box 
A is furnished with a hinged lid B adapted to be secured by quick 
clamping bolts C and is fitted with a ram D"' secured to blocks D carried 
on guide rods H slidable vertically within guides X. Pressure is 
applied through blocks G connected by links F to levers E rocked by 
an eccentric L' through an adjustable link Z and lever K. The ec- 
centric shaft M is driven through a one-revolution clutch by a spur 
wheel N driven from the drive shaft P. Stops j regulate the depth of 
the mold. The rods H are raised for ejection of the block by 
a handwheel a which operates rack gear f, g, h through chain gear b, e, d. 


Brickmaking machines. WHITTAKER AND Co., LTD., 
AND N. WHITTAKER. Brit. 273,448, Aug. 24, 1927. A 
pattern is formed on a face of a brick during molding in 
a machine by a sliding band, sheet, tapes, or chains ex- 
tending over a face of the mold. As shown, an endless 
sheet B of rubber and on which the pattern is embossed, 
engraved, or molded-passes over the face a of the mold 
and is supported by rollers c, c* and a tensioning roll c’. 
The band moves with the molded brick during ejection, 
and may be geared by a pinion ¢ with a rack e on one 
of the pressure plungers. 

Brickmaking machines. WHITTAKER AND Co., LTD., 
AND N. WHITTAKER. Brit. 273,863, Aug. 31, 1927. Ina 
brick-making machine the semiplastic material is formed into a shaped clot on a re- 
ciprocating slide by a reciprocating ram before it is fed to the mold by the slide which 
in one movement allows the clot to fall in front thereof and in the reverse movement feeds 
it to the mold. A slide A and a ram G are reciprocated by a 
lever D from a cam E on a shaft e actuating the molding 
plungers F, F'. When the ram and slide are drawn back, 
material from the hopper H falls on to the slide in front of 
the ram which, onthe forward stroke and in conjunction 
with a plunger J, form the material into a clot d against a 
fixed plate G', excess material passing through a channel / 
to the hopper. On the return stroke, the clot falls on to 
the table B in front of the slide A which on its next forward 
movement advances it over the mold M to be molded by 
the plungers F, F'. The plunger J is lifted by a counter- 
weighted lever K and depressed by a bracket f carried by 
the plunger F. This plunger and the ram G are heated to prevent the material from 
sticking. 


Loading bricks. SuTCLIFFE, SPEAKMAN, AND Co., Ltp. Brit. 274,221, Sept. 7,£1927. 
Gripping beams a, a' adapted to engage the opposite sides of the bottom layer of a pile 
of bricks are mounted upon the lower ends of a series of bell-crank levers ¢ suspended 
from a crane by levers f or operated by a screwed spindle or other gear. As shown, the 
levers c are pivoted on frame bars d which are suspended from a lifting beam h' by levers 
and links f, g. The levers f are pivoted on brackets d' and connected to the bell-crank 
levers by links f?. The bell-crank levers may be locked in the open position by hand- 
operated cams. The vertical arm of each bell-crank lever of a pair is connected to the 
horizontal arm of the opposite lever by a link i. The gripping beams a, a' are provided 
with spring-pressed buttons } to allow for inequalities in the dimensions of the brick 
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in the bottom layer. As shown in Fig. 1, the beams a, a' comprise interengaging channel 
irons a’, a* with openings in the member a for 
the buttons 6. As shown in Fig. 5, the beam 
comprises one channel member a?*, forming a 
housing for a continuous set of buttons 6 which 
slide against one another and the upper and 
lower webs of the member a*. The buttons 
are guided and retained by pairs of bolts B' 
which work in holes a‘ in the channel iron. 
Method of manufacturing brick. SEIsHI 
KASAHARA. Japan 67,931, March 30, 1926. 
Coal cinder is lixiviated with a very dilute 
inorganic acid. Brick is formed with a compound 
composed of the washed cinder, Kibushi clay, 
and silica sand. It is fired in a kiln. SX. 


Method of manufacturing brick. TsuUNEJI 
NAGATA. Japan 65,208, Aug. 12, 1925. Fire 
clay, clay containing iron oxide, iron powder, 
and water are mixed in suitable proportions. 
Bricks are formed with the compound by a 
powerful press. After drying, they are fired at 
a high temperature. S.K. 


FIG.A. @y 


Refractories 


Notes on cyanite and diaspor refractories. E. J. VAcHUSKA AND G, A. BOLE. 
Jour. Amer. Ceram. Soc., 10 {10}, 761-73 (1927).—This investigation covers a survey 
of some cyanite, diaspor, and clay refractories. The work is divided into three phases: 
(1) diaspor-cyanite study, (2) diaspor-clay and cyanite-clay study, and (3) commercial 
production and tests. Results of routine tests made with each set of test specimens are 
given. The addition of 20% or more cyanite to diaspor tends to counteract the shrinkage 
of diaspor during continued use at high temperatures. 

Spalling and loss in compressive strength of fire brick. Hopert R. GoopRIcu. 
Jour. Amer. Ceram. Soc., 10 [10], 784-94 (1927).—A preliminary report of the loss of 
compressive strength when fireclay brick from the Pacific Northwest were subjected to 
a series of heat treatments to 1350° and 1250°C. It illustrates some of the variations of 
heat treatment in the manufacturer’s kilns and the differences between the high siliceous 
type of fire brick and the vitrifying clay type with lower free silica content. It is possible 
that a satisfactory spalling test may be developed in this direction. 

Sodium carbonate compounds affect refractory linings. G.S. Evans. Foundry, 
55, 632-34 (1927).—The use of soda ash as a desulphurizer for molten iron, is very 
corrosive to refractory ladle linings. High alumina brick give less service than ordinary 
fire brick, and monolithic linings have not been as satisfactory as brick. Dense, hard 
brick, which can be laid with tight joints give the best service. M.E.M. 

Compares cupola refractories. G. S. SCHALLER. Foundry, 55, 693-94 (1927).— 
Cupola refractories seldom fail under load. Spalling is the chief factor causing failure, 
and is worst just above the tuyeres. Daubing material should be of a composition which 
will be free from cracks when dry, and should be bonded with a clay equal in quality to 
the brick. Lining failure in the melting zone is usually due to the slag. To withstand 
slag action, a brick should have a dense, firm surface. The same qualities in a brick 
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will resist abrasion. Monolithic linings are just beginning to be used and good results 
are reported. M.E.M. 
Refractory linings for cupolas. G. S. ScHALLER. Fuels and Fur., 5 [7], 915-16 
(1927).—Presented at Annual Meeting, American Foundrymen’s Assn., Chicago, III., 
June 6-10, 1927. See preceding abstract. A.E.R.W. 
Investigation of fuel costs in manufacturing refractories. ANON. Fuels and Fur., 
5[7], M878(1927).—An abstract of Bureau of Mines, Bull. No. 271, by G. A. Bole, 
John Blizzard, W. E. Rice, E. P. Ogden, and R. A. Sherman entitled ‘‘Problems in the 
Firing of Refractories.’’ For abstract see Ceram. Abs., 6 [9], 395 (1927). A.E.R.W. 
Recuperative soaking pit proves highly successful. ANon. Fuels and Fur., 5 
[7], 909-10 (1927).—An account is given of the construction and operation of a recupera- 
tive soaking pit which has been in operation for several months and which has shown that 
this type of pit has many advantages. Diagrams are used in describing the construction 
of the pit and the arrangement and design of the refractory tile used in the recuperator. 
A.E.R.W. 
Nomenclature for refractories. Sruart M. PuHeips. Amer. Refrac. Inst. Bull., 
No. 6, 3 pp. (1926).—The refractories industry is in need of standardized expressions or 
nomenclature covering the properties and characteristics of raw and finished materials, 
as well as factors affecting the life of refractories in service. The suggestion is offered 
that the term “refractoriness” be reserved to denote those properties required of a refrac- 
tory body, in place of the narrower meaning of ‘‘resistance to fusion by heat.’’ A material 
is refractory when it has certain desirable properties at elevated temperatures, but all 
materials of a high melting point are not necessarily “refractories.” Even in this limited 
sense it is difficult to state what constitutes refractoriness. At the present time we have 
no direct means of obtaining from test data index to such refractoriness with respect to 
behavior in service. The present softening point test is of great value in supplying 
information of a relative nature, but the index of the property obtained in this test 
cannot be applied directly to life in service with respect to heat resistance. The greatest 
value is in that of selecting and controlling raw materials for manufacturing and in 
the maintenance of quality of the finished product. Since the data derived from this 
test cannot be readily correlated with behavior in service, it is well to employ a descrip- 
tive phase expressing this property, which will be apart from refractoriness. At the 
present time, the terms softening, fusion, and melting points are used interchangeably. 
The American Refractories Institute Research Advisory Committee, in considering 
nomenclature, has recommended that the term ‘“‘Seger Cone Point’’ supersede all terms 
now in use covering this property. A proposed refractories utility chart is presented. 
The factors included in this chart refer to conditions of service and properties of refrac- 
tories. F.P.H. 
Refractories for the malleable cast-iron foundry. C. E. Bates. Amer. Refrac. 
Inst., Bull., No. 8,5 pp. Feb. 1927.—B. describes the malleable process, the furnaces 
used, and their operation, the causes of firebrick failure and the production and charac- 
teristics of refractories suitable for this class of service. Malleable iron castings are 
made by melting, refining, and superheating a mixture of pig iron and scrap of the proper 
composition at a temperature high enough to bring about the chemical combination of the 
carbon with the iron, to form white iron. After being poured, the hard and brittle 
white-iron castings are cleaned, packed in iron pots, and subjected to heat in an annealing 
oven until the castings become tough, malleable, and ductile. Some malleable castings 
are made in the cupola, the open hearth, and the electric furnace, but the bulk of mal- 
leable iron is melted in the so-called “‘air furnace."" This furnace is of the reverberatory 
type and consists essentially of a long, low, rather narrow hearth, a fire box, one or two 
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bridge walls (depending upon the method of firing), two side walls, a stack, and an 
arched roof. These air furnaces vary in size but the most popular one seems to be the 
25-T. furnace. The fire box, side walls, and bridge walls are made from first quality clay 
fire brick of the standard 9-in. series. The hearth consists of a bottom of fire brick, on 
top of which is tampered a thick layer of silica sand. Firebrick dust has been used for 
bottoms instead of silica sand and the results were quite satisfactory. The roof is 
made up of bungs by clamping fire brick in iron frames and these bungs vary from 9 to 
54 inches in width. A variety of different size bung brick are used but the 9 in. arched 
} in. brick and the No. 101, 103, and 105-13 inch and 13} in. brick are those most 
commonly used. The stack is made from either circle brick, keys, or wedge brick of the 
standard series. Temperatures ranging from 2900 to 3100°F are obtained in malleable 
iron air furnaces and the temperature of the iron as tapped from the furnace is usually 
around 2750°F. Formerly it was thought that most bung failures cou!d be attributed 
to sudden temperature changes with the resulting thermal shock and the effect was called 
spalling. Bung brick fail from a number of other causes and while the result is the same 
from the furnace operator’s standpoint, the firebrick manufacturer should not be 
satisfied with the general term “‘spalling’’ but should attempt to find out the real reasons 
for the cracking of brick in service. At the present time the best bung brick are being 
made from selected flint and semiflint fire clays, by the hand-made, repressed process, 
and by the dry-press method. In the hand-made process the clay is coarsely ground in a 
wet pan and the brick “‘slap molded.” After being partially dried the brick are repressed . 
They are given a medium to light firing. Dry pressed brick are of a finer grind and usu- 
ally slightly harder fired than hand-made brick. It is believed that it is possible to make 
satisfactory bung brick by the stiff-mud process and experimental work is being done 
along this line now. The following are average figures for chemical analysis of a typical 
bung brick: 


Silica 56.00, alumina 39.00, iron oxide 2.0, titania 2.0, lime 0.40; 
magnesia 0.30, alkalis 0.60. 


Softening point cone 32 

Standard reheating test 0.70% contraction 
Standard load test 9.0% compression 
Spalling test—2 in. dip 15% !oss on 20 dips 
Modulus of rupture 250 Ibs. per sq. in. 
Porosity 24.00% 


The following are average figures for a typical sidewall brick: 


Silica 58.00, alumina 37.00, iron oxide 2.00, titania 2.00, lime 0.40, 
magnesia 0.40, alkalis 0.60. 


Softening point cone 31-32 
Standard reheating test 0.30% contraction 
Standard load test 5.0% compression 
Spalling test—2 in. dip 20% loss on 20 dips 
Modulus of rupture 850 Ibs. per sq. in. 
Porosity 18.00% 


It is unfortunate that we do not have a slag test that will show how sidewall brick will 
perform in service because most sidewall failures are due, to slag erosion. F.P.H. 


Studies of the effect of chlorine, sulphur dioxide, and carbon monoxide upon various 
refractories. SruArT M. PHevps. Amer. Refrac. Inst., Bull., No. 9, 8 pp. (1927); Rock 
Prod., 30 [15], 67(1927).—The experiments of this work were conducted by placing 
in an electrically heated impervious porcelain tube, cubes of various refractory materials 
and passing over the gases being studied. The temperature within the tube was 
maintained by the use of a thermocouple at 950°C +25°C. A slight gas pressure was 
kept within the tube by means of the pressure bottle. In all of the experiments approxi- 
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mately equal volumes of the gas in question and air were used, these being dried by 
bubbling them through the sulphuric acid. A run consisted of 72 hours of treatment 
at the above temperature, during which time the gas and air mixture was supplied at a 
rate far in excess of that required by any reactions that might occur during the experi- 
ment. Check runs were made so that the data reported are the average of two runs. 
The cold crushing strength was determined on a number of cubes from each lot and tests 
were reconducted on cubes after gas treatment. Table I presents these data, showing 
the changes in crushing strength which resulted. 


TABLE I 

Sulphur dioxide Carbon monoxide Chlorine 
Magnesite increased 30% loss 12% loss 100% 
Diaspor 0 5 
Low iron clay loss 27 
High iron clay “ 16 


Upon considering in a general way the effects upon the strength of the various materials, 
it will be noted that carbon moxide is more destructive than the other gases, with the 
exception of the chlorine treated chrome and magnesite. Considering the different 
refractories treated with the three gases, the diaspor shows the most inert characteristics. 
The increase in strength shown in the sulphur dioxide treated chrome may be experimen- 
tal error, but that shown by the magnesite could not be so attributed. No doubt a 
recrystallization of some of the constituents has taken place, producing a stronger body. 
A color chart showing the changes produced by the gas treatment on the various re- 
fractories is given; it was found in the case of silica brick that the sulphur gas produced 
a very strong pink-brown coloration. This color is identical to that of the so-called 
spotted silica brick, which often form so mysteriously during firing. It is believed by 
many that spotting is caused by certain undesirable types of ganister and that the 
spotted portions of the brick are of different chemical composition. This work indicates 
that any ganister will spot if given the necessary treatment and that there is no appre- 
ciable difference in the chemical composition of the spotted areas. The coloring is no 
doubt due to the formation of a complex sulphur silicate and forms during kiln firing as 
a result of high sulphur coal being used. The color can readily be destroyed by heating 
spotted brick in an oxidizing atmosphere. The results show that in most cases very 
little change in composition resulted from gas treatment. Marked changes of color do 
not necessarily mean a significant change in composition as determined by the usual 
methods of analysis. Pronounced color changes may result through the reduction of 
iron compounds which cannot be determined except by special analytical methods. In 
the case of the chlorine-treated chrome, a great difference in composition will be noted, 
which resulted from the volatilization of the chromic chloride that formed. The 
analytical results show that the residue is very high in iron and out of proportion with 
the other remaining constituents, a fact which cannot be explained. The carbon deter- 
minations show that a surprisingly small amount produces the discoloration. Chlorine 
was found in a high percentage in the chrome sample, as would be expected, and to a 
smaller degree in the magnesite. The silica contained an appreciable quantity, consider- 
ing the nature of the material. Sulphur compounds were not found to any degree except 
in the magnesite sample. F.P.H. 
Shrinkage of fireclay refractories. M. C. Booze. Amer. Refrac. Inst., Bull., 
No. 10, 4 pp. (1927); Fuels and Fur., 5 [8] 985-86 (1927).—Shrinkage is a factor of con- 
siderable importance in the manufacture and use of fireclay refractories. It is generally 
looked upon as a necessary evil in the manufacturing processes and is not stressed in any 
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of the common tests for fired products. That reduction in shrinkage to a minimum and 
its control will result in savings is evident. The desirability of low shrinkage or lack 
of shrinkage from a quality standpoint is also evident when a study is made of the 
behavior of fireclay brick under various conditions of service. It is sufficient for our 
purposes to consider that shrinkage comes from two causes only: (1) the evaporation of 
mechanical water or water of plasticity as it is usually called, and (2) the drawing to- 
gether of individual solid particles due to surface tension of glass formed under heat from 
impurities present in the refractories or deposited upon them in the furnace. Shrinkage 
from the 1st cause comes during drying and from the 2nd during initial firing and in use. 
The manufacturer is concerned with both kinds and the user only with the 2nd. The 
great influence of grind upon shrinkage does not seem to be generally understood nor 
taken advantage of. In a previously published report it was shown that the linear 
drying and firing shrinkages of coarse and fine flint-plastic clay mixtures varied from 4% 
for the coarse to 7% for the fine grind. The screen analysis of these mixtures was about 
as follows: 


Coarse Fine 

/0 

On 4-mesh 27 0 
Through 4-mesh on 10-mesh 23 9 

20 8 17 

40 60 4 7 

60 80 2 4 

80 1 2 
30 45 


Firing shrinkage is affected by the characteristics of the clays used, the grind, the 
manner of setting in the kiln, and by the firing treatment. Shrinkage is an important 
cause for the failure of fireclay refractories in service. It is effected in service only by 
furnace temperatures and their duration and so may be controlled only by such drastic 
means as have been employed in some central power stations. While it is regrettable 
that no really indicative test for this property has been developed, a start in this direction 
has been made by the Refractories Fellowship at Mellon Institute. It is probable that 
such a test will be available within a relatively short time. gh. 
Experiences with refractories in furnace construction. LrEo W. BRicGs. Amer. 
Refrac. Inst., Bull., No. 12, 4 pp. (1927).—Experience has shown that the type of 
fuel is of major importance in the life of refractories. It is found that in a general way 
a certain type of refractories stands up better in an oil-fired furnace than in one fired by 
gas. An explanation of this cannot be offered although an important factor is that 
small combustion tunnels are used with gas burners. These tunnels being made of the 
refractory are subjected to the high temperature of the ignited gas. In the case of the 
oil burner, combustion takes place more in the furnace and produces a glaze on the 
surface of the refractories, which seems to protect them, giving longer life. It is desir- 
able to reduce the flame of the combustion chambers to increase efficiency, so that 
combustion engineers are concerned with the development of more suitable refractories. 
Furnaces employing silicon carbide give better service when fired with oil burners. It 
is desired, therefore, to obtain a refractory which will exhibit the properties of silicon 
carbide at temperatures as high as 2500°F in an oxidizing atmosphere. At the present 
time the thermal efficiency of brass and copper melting crucible furnaces is about 10%. 
This is not sufficiently high for industrial efficiencies and the solution of the problem lies 
in obtaining a refractory material which is more suitable. Some time ago a furnace of 
high efficiency was constructed, but as a result of a few hours’ operation the refractories 
were completely melted. Advancement in the future will no doubt be along the lines of 
indirect gas- or oil-fired furnaces. This means that the combustion chambers will be of 
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the nature of small ducts made of refractories in which very high temperature will be 
maintained. Efficiencies of 8, 12, and sometimes 15% are obtained in the case of gas- 
fired furnaces, while 5 to 8% is developed with oil in general practice, but these can be 
increased several times with the advent of more suitable furnace linings. Another type 
of material which should be highly desirable for furnace doors would be a light weight 
refractory which would eliminate the present type of door, namely 4} inches of fire 
brick and the same amount of insulation. Such material would allow the construction 
of a less bulky and lighter weight door, simplifying the design. Progress in the imme- 
diate future can be increased through a closer coéperation between the consumers and 
producers of refractories. More specific information should be obtained regarding the 
behavior of furnace linings under varying conditions of service. A more liberal exchange 
of experience between these parties would greatly assist in the proper application of 
various types of refractories. F.P.H. 
Tentative definitions of terms relating to refractories. ANoNn. Amer. Refrac. Inst., 
Bull., No. 13, pp. 1-2 (1927).—This is the annual report of the C-8 Committee on Re- 
fractories of the American Society for Testing Materials. (1) Plastic or bond fire clay: fire 
clay of sufficient natural plasticity to bond nonplastic materials. (2) Flint fire clay: hard 
or flintlike fire clay occurring as an unstratified massive rock, practically devoid of nat- 
ural plasticity and breaking with concoidal fracture. (3) Diaspor clay: a rock consisting 
essentially of diaspor bonded by fireclay. (4) Nodular fire clay: a rock containing 
aluminous or ferruginous nodules bonded by fireclay. Note: in some districts such clays 
are called “‘burley” or “burley flint’’ clay. (5) Spalling: breaking or cracking of refrac- 
tories to such an extent that fragments are separated, presenting newly exposed surfaces 
of the residual mass. Note: the cause of spalling may be classified under 3 main head- 
lines: (1) thermal, (2) mechanical, and (3) structural, as follows: (1) thermal: (a) factors 
relating to service: rapidity and range of thermal fluctuation; contamination by slags 
and fluxes; tightness of joints; previous vitrification; (b) factors related to refractories: 
degree and uniformity of reversible thermal expansion; heat transfer; elasticity; plastic 
flow. (2) Mechanical (a) factors related to service: rapid heating of wet brick: abuse 
in removing clinker and slag; unequal and excessive stresses; pinching; no provision for 
expansion; thin joints; (>) factors related to refractories: mechanical strength; toughness; 
accuracy of shape. (3) Structural: (a) factors related to service: slags and fluxes; 
character of the material in joints; insulation of refractories; (b) factors related to 
refractories: vitrification; shrinkage; nature of bond; structure; degree of firing. 
Pyrometric cone equivalent: an index to the degree of fusion resulting in a cone of the 
material bending until the tip touches the plaque as a result of a definite heat treat- 
ment, in accordance with the Standard Method of Test for Softening Point of Fire- 
clay Brick (Serial Designation: C24) of the American Society for Testing Materials. 
Note: the terms ‘‘fusion point,”’ “softening point,” “deformation point,’”’ and “melting 
point” have heretofore been loosely used for “‘pyrometric cone equivalent.” F.P.H. 
The chemical investigation of refractory materials. L.H.J.vAN RoGen. Ber. d. 
Fachausschusse d. deutsch. Eisenhuttenl. 1926; Tonind. Zig., 51 [65], 1159 (1927). 
F.P.H. 


Crucible linings free from carbon. James Rippick. Ceram. Ind., 9 [3], 274-76 
(1927).—The results of investigations in the manufacture of various alloys free from 
carbon are given. An induction furnace was used and a graphite crucible of the following 
formula was used: 47% Madagascar flake graphite, 53% English china clay. Experi- 
ments were conducted to determine the best lining for the graphite crucible. The 
following types of linings were tested: sillimanite, diamel, magnesite, high silica, arcofrax- 
silica. The last lining named proved to be the best. The following arcofrax-silica 
lining formula was used: calcined arcofrax-100-mesh, weight 9 Ibs. 
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Flint 140-mesh 3.2 Ibs. 
Florida ball clay en 
Water 
Acetic acid 80% 12 cc 


Methods of preparing and handling these crucibles and linings are given. The crucible 
lining can be compared to a porcelain glaze. It must fit the body upon which it is 
applied. It is possible that a lining of this nature can be used in connection with the 
manufacture of glass in that it may permit the use of graphite crucibles instead of clay 
crucibles. F.P.H. 
Refractory material from the reign of Bilin and Teplitz. Joser WoLFr. Feuerfest, 
3 [5], 75-79 (1927).—W. describes the geological formations of this district and the 
methods employed in mining the clays found there. Chemical analyses of the principle 
clays found in that region are given. Fusion points on the different clays range from 
cones 20 to 36. F.P.H. 
The flowability of fat highly refractory clays. O. Neuss. Feuerfest, 3 [7], 109- 
11(1927).—The work of Spangenberg and Keppeler on the action of alkalis and humic 
acid in the liquefaction of clay slips is discussed. K’s theory that the humic acid forms 
in presence of alkali a pseudo-emulsion is not sufficient to explain the fact that clays 
heated to 500°C are often responsive to the alkali treatment. The assumptions of 
North that the clay contains a fat or oil which could be removed by dry distillation are 
not tenable. Some results obtained in the study of the action of alkali in liquefying a 
grossalmerode blue glass pot clay are given in table form. F.P.H. 
Comparable properties of refractory raw materials. ANoN. Keramika i. Steklo, 
5, 182-84 (1927); Feuerfest, 3 [7], 120(1927). F.P.H. 
System §SiO,-Al,0;. P. BupnikorF AND N. NexritscH. Keramika i Steklo, 
5, 189-91 (1927); Feuerfest, 3 [7], 120(1927). F.P.H. 
Refractory material for furnaces used in fusing metals. W.J. May. Mech. World, 
81 [8], 253-56(1927); Feuerfest, 3 [5], 88(1927). F.P.H. 
A simple apparatus for the determination of the porosity of refractory products. 
JoseF RositscHEK. Tonind. Ztg., 51 [51], 907-908 (1927). 
Concerning the recent methods of investigating refractory materials and their im- 
portance to the gas-works furnace construction. E.Sreinnorr. Tonind. Zig., 51 [52], 
918-20; [57], 1011-13; [59], 1047-49(1927).—The 1st of these articles deals with the 
requirements of the refractory material for a vertical chamber furnace used in gas 
works. The physical properties of the various refractories used in this type of furnace are 
summarized in table form. The 2nd and 3rd articles deal with a.'description of the 
various tests applied to refractory materials. The following tests are described: (1) 
thermal expansion, (2) volume stability at high temperatures, (3) load test at high 
temperature, (4) heat conductivity, (5) the coloration test, (6) action of gases on refrac- 
tory brick. Suggestions for testing the various mortars used in the construction of the 
furnaces are given. PP. 
Methods of testing refractory materials. ANoNn. Tonind. Ztg., 51 (53), 942-43 
(1927).—Revisions and additions to the German Industrial Standards. (DI N) 
methods of testing refractory materials are given. : F.P.H. 
New material being sought for refractory linings of furnaces. ANON. Amer. Glass 
Rev., 46 [47], 31(1927).—A brief abstract of a paper on cyanite, clay, and diaspor re- 
fractories. See Jour. Amer. Ceram. Soc., 10 [10], 761 (1927) for paper in full. 
E.J.V. 
Refractories. F.T.H.Raucu. Chem. Eng. Min. Rev., 19 [225], 321-26(1927).— 
The word “refractory” as used among furnace builders and users means a material 
which, when formed into bricks, or other articles, can claim the following properties: 
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(1) a high softening and a high melting point, (2) a high compressive and transverse 
strength, both when cold and at high temperatures, (3) resistance against the slagging 
action of the contents of the furnace, where the charge comes into immediate contact 
or surrounds the refractory materials, (4) the expansion or contraction should be 
sufficiently uniform and within conveniently narrow limits, (5) resistance against the 
mechanical abrasion at high temperatures of the furnace content, and of any accidental 
blows, as from a poker, or constant vibration, such as may occur in movable furnaces, 
(6) other claims, such as correct shapes and dimensions, correct textures for every spe- 
cific gravity, thermal conductivity or resistivity, density, porosity, permeability, and 
electrical conductivity or resistivity. Most refractory articles are made of fire clay, 
which contains alumina as an essential constituent. In ideal fire clays (speaking chemi- 
cally) the alumina should be present in sufficient quantities to absorb the whole of the 
silica present to form the valued bisilicate. Any silicate above this is either in a free 
condition or in the form of alkali, or metal-oxide silicated. In either form it reduces the 
refractoriness of the clay by acting as a flux. Bischoff’s formula for determining the 
refractory value of a fire clay is Qu=a*bc, where Qu is the refractory coefficient (r.c.), 
a, the oxygen content of the Al,Os, b, of the SiOz, and c, of the fluxes. He derived the r.c 
by the relation of Al,O; to the fluxes and the relation of SiO, to the Al,O;, and by 
dividing the latter into the former he obtained the r.c.: 


O in Al,O; O in SiO, 
Qu SES ae 
~ OinRO OinAlO, 


It does not hold that any material which shows a fusion point of cone 26 or higher will 
give any guarantee in regard to its usefulness. This peculiarity of clay materials is even 
more accentuated when the bricks are under a load or pressure.. There does not seem 
to be any connection between the refractoriness of fire brick heated without any pressure 
and the refractoriness when the same brick is heated under a load. The latter is 
chiefly affected by the physical nature of the material. The softening of brick under 
pressure or load is due to small quantities of fluxes in the clay body which are not suf- 
ficiently large to cause actual fusion, but are large enough to bring about a slightly viscous 
condition which allows the brick to yield gradually. The relation of porosity and volume 
changes to the strength of hot fire brick is rather interesting; G. A. Loomis points out 
that (1) brick which are capable of withstanding a pressure of 40 Ib. per sq. in. at 1350°C 
generally show only slight changes in volume and in porosity when reheated to tempera- 
tures up to 1425°C; (2). brick which show distinct overfiring, by pronounced expansion 
below 1400°C, invariably fail in the load test; (3) the changes in volume and in porosity 
of the brick fired at some temperature between 1350°C and 1425°C serve, in a measure, 
as a criterion of their ability to pass the load test. The resistance against the slagging 
action of the content of the furnace, or rather the resistance against chemical in- 
fluences, is of the greatest importance. The retention of their shape and size after fire 
brick, etc., have been used for some time is highly important in some parts of furnaces, 
ovens, and other structures. It is almost impossible to form a correct judgment of 
refractoriness of a fire brick by its color. The color of fired fire clay is largely due (a) to 
the quantity of iron in the clay, (b) to the other constituents of the clay accompanying 
the iron, as lime, rutile, etc., (c) to the composition of the fire gases during the firing, 
(d) to the amount of vitrification, and (e) to the final temperature. The texture of 
fire brick is extremely important, as next to having a sufficiently high softening and 
melting point and a suitable chemical composition, the refractoriness depends chiefly 
upon the texture. Various properties which are the function of the texture of the brick 
are enumerated. The resistance against mechanical abrasions at high temperatures of 
the furnace content, and of accidental blows or constant vibration is also primarily a 
function of the texture of the brick. The consideration of the thermal conductivity 
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or resistivity is important for the proper selection of hollow ware material, such as 
glass pots, retorts, crucible furnaces, etc. Here again texture is of allimportance. The 
durability of refractories in use depends upon a multiplicity of factors, physical and 
chemical, some of which are not clearly understood. These factors may be divided into 
3 groups: (1)those concerned with the manufacture of the articles (the maker’s re- 
sponsibility), (2) those concerned with the laying of the bricks (the builder’s responsi- 
bility), (3) those concerned with the use of the bricks (the user’s responsibility). The 
problem is complicated by the fact that the 3 groups are generally controlled by 3 dif- 
ferent sets of men, and to a large extent each of these understands only one group of 
factors. Thus, if the brick manufacturer thoroughly understood the nature of the 
condition his bricks would have to withstand or if the user knew what methods of 
manufacture would best meet his conditions, the matter would be greatly simplified. 
E.J.V. 
The deterioration and failure of refractories. B. M. PEARSON. Glass Ind., 8 [9], 
211-13 (1927)—Chemical corrosion is not the only agent in determining the useful 
working life of a glass pot. Glass pots are very sensitive to any sudden changes in 
temperature, and crack with extreme readiness from this cause. Once a crack is formed 
the pot may be given up as actually ruined. In the case of an open pot, a good deal 
can be done by opening the side wall and patting stiff clay into the crack. Similar 
patching can be done if the crack is at the back or in the bottom of an open pot or at the 
front of a closed pot, but such patching is not very satisfactory and will give only a few 
more weeks of pot life, once the cracking has commenced. * Long life can be obtained 
from glass pots, provided they are given the correct preliminary heat treatment before 
being exposed to working conditions. A heat treatment which was sufficient to com- 
pletely vitrify the whole of the glass pot allowed it to be used for 146 days in a very hot 
arch of the furnace with no signs of corrosion in any part. Some faults of glass pots are 
pitting or honeycombing, external cracking, batch cracks (internal), ,holing, and 
excessive solubility of bottoms. Pitting can be avoided by employing a rather highly 
aluminous clay, and a fairly high furnace temperature. External cracks, observed to 
be present in a direct-fired furnace but not in the gas-fired furnace, are thought to be 
caused by sudden changes of temperature. Batch cracks are originally caused by the 
sudden chilling of the surface by the introduction of cold batch and cullet into the pot, 
forming small fissures, which are later enlarged by the solvent action of the glass. 
Shot-holing is caused by the presence of pieces of pyrites in the clay. This can be pre- 
vented by weathering the clay sufficiently well, and by employing fine grinding in 
preparing the clay material. Excessive solubility of the bottom can be combatted by 
vitrifying this part, only done really satisfactorily by employing a sufficiently high firing 
temperature in the pot arch, say 1300°C. Among the other refractories for the glass 
house there are several types of fire brick required. For po tarches second grade fire 
brick of moderate refractoriness will do. For use in gas producers a fine textured 
brick is most satisfactory if highly refractory enough to stand the operating tempera- 
tures. For construction of the upper parts of glass tank furnaces, medium textured 
highly refractory fire brick are generally found to give the best results under usage. In 
construction of regenerator checkers, a brick fairly insensitive to sudden changes in 
temperature, resistant to corrosive action of the alkaline dust carried by the waste 
gases, and the abrasive action of the dust carried in suspension by the furnace gases is 
needed. See also Ceram. Abs., 6 [8], 347-48; [10], 446 (1927). E.J.V. 


Fireclay deposit, British Columbia. ANon. Engineering, 134, 188(1927).—One 
of the largest fireclay deposits on the B. C. coast, located near Hillbank on the line of 
the Esquimalt and Nanaimo Railway is being developed. A plant has been installed 
and the manufacture of pipe, tile, and brick has been commenced. H.H.S. 
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PATENTS 

Furnace wall. CLARENCE A. Srracwota. U. S. 1,639,711, Aug. 23, 1927. A wall 
structure comprising an outer and an inner wall, the outer wall 
comprising refractory anchoring channels and intervening brick 
belts, and the inner wali comprising vertically spaced horizontal 
rows of shelf-forming blocks extended therefrom into the an- 
choring channels of outer wall and supported thereby, and upper 
and lower anchor plates anchored, respectively, to the tops and 
bottoms of refractory anchoring channels. 

Baffle wall for furnaces. Micnart Liptak. U. S. 1,642,254, 
Sept. 13, 1927. The a 
combination with a fur- : 
nace arch, of oscillatory 
baffle wall supports below and at the sides of 
the arch, baffle walls built up of block carried 
on supports, the preponderance of weight of 
the walls being inside the supports whereby 
the baffle walls are gravity-pressed toward the 
arch. 

Alumina. A. L. Mono. Brit. 272,748, 
Aug. 10, 1927. Alumina is produced from clay, 
etc., by dissolving the clay in acid, separating 
the insoluble silicic acid from the solution, 
evaporating said solution and heating the salts 
|? thus obtained to decompose them into oxides 
Ls} ——44_ and acids, and heating the oxides thus obtained 

with a reducing agent such as carbon in a 
suitable, preferably electric, furnace until the mixture is decomposed into alumina and 
iron, and an easily separable metallic regulus is formed. Bauxite, leucite phonolite, 
and the like may be thus treated. In the treatment of bauxite dilute sulphuric acid is 
used for dissolving to ensure a complete separation of titanic acid. 

Clay products. VirreFrax Co. Brit. 273,258, Aug. 17, 1927. Clay products are 
strengthened by incorporating with the raw mixture a composition consisting chiefly 
of cyanite crystals which possess the property of elongating during the firing of the pro- 
duct so as to form a fibrous reinforcing network. Cyanite ore is heated to 1700-1800°F 
to loosen the crystals from one another and from the associated gangue; the impurities 
are then separated from the cyanite to any desired extent either by wet classification 
or by quenching the hot ore in water, crushing, and screening it. Reducing conditions 
are maintained during the calcination to enable the iron oxide impurities to be mag- 
netically separated. For addition to clay products fired at moderate temperatures 
(cone 4 to cone 12) it is advisable to leave some impurities in the cyanite to lower the 
refractoriness of the mix, and a suitable composition in this case may contain 68% 
pure cyanite crystals, 11% tourmaline crystals, 7% cyanite crystals embedded in quartz, 
4% free quartz fragments, and 10% pyrophyllite and associated impurities. In addition 
to reinforcing the clay product, the cyanite neutralizes fire shrinkage as the elongation 
of the fiberlike crystals fills up the pores produced by the firing out of organic matter 
in the clay. 

Method of manufacturing quartz-glass tubes. Tue Tokio Evecrric Co. Japan 
9,450, July 14, 1926. A tube of quartz glass is made by pushing one rod into another 
made of quartz in such a way that the former begins to act automatically by an external 
force previously stored in it as soon as the latter becomes plastic on heating. S.K. 
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Method of charging shaft kiln. OroGoro Umepa. Japan 7,927, March 1, 1926. 
A hollow cylinder is suspended in a shaft kiln so as to leave suitable space between them. 
The cylinder is charged with fuel and the substance to be fired while the space is filled 
with small pieces or waste fragments of the unfired or fired substances. The cylinder 
is then drawn up. The process prevents the charge from direct contact with the inner 
wall of the kiln which is otherwise corroded badly. S.K. 


Terra Cotta 


Dry grinding clay to eighty-mesh. D. F. ALtBery. Jour. Amer. Ceram. Soc., 
10 [10], 804-806 (1927).—A description of two installations for grinding a terra cotta 
clay to 80-mesh is given. The necessity for fine grinding is explained and the difficulties 
encountered in development of process are enumerated. Advantages of finely ground 
clay and the use of air separation are described. 

PATENTS 

Roofing. Harry L. Guy. U. S. 1,642,148, Sept. 13, 1927. A shingle having the 
general shape of a keystone; and having an upper portion with vertical side edges, and 
a lower portion with vertical side edges; the middle portion between having diagonal 
side edges flared more than the taper of 
the shingle as a whole, to compensate for 
the vertical portions; the contour of the 
shingle side above the center line being a 
reversed duplicate of that below, whereby 
the shingles can be cut from a continuous 
strip without any waste; notches in the 
extreme upper corners of the shingle and 
locking tabs at the extreme lower corners, the notches leaving the necessary material 
to form the tabs; and horizontal shoulders joining flared portion to vertical portions; 
the vertical space between the tabs and the adjacent shoulders determining the vertical 
spacing between successive rows of shingles on the completed roof. 

Process of manufacturing clay ornaments. TAkeHIkO Hattori. Japan 10,076, 
Sept. 1, 1926. Figures or ornaments are formed with clay which has been kneaded 
with addition of tannic acid or a vegetable juice rich in tannic matter. They are water- 
proofed by treating their surfaces with egg albumen and formalin solution successively. 

$.K. 

Method of water proofing ceramic ware. TAtTsujIRO FUKAYA. Japan 6,654, 
Oct. 14, 1925. Porous ceramic ware such as terra cotta or tile is soaked in solution of 
lime and calcium chloride and then is treated with solution of silico-fluoride. S.K. 

Preparation of a blue clay. Tatsuzo UEYAMA AND Krroku HaAriki. Japan 
10,001, Aug. 27, 1926. Ferruginous clay or rock is treated successively with sulphuric 
acid and solution of yellow prussiate of potash in order to change the iron into Prussian 
blue. S.K. 

Roofing tile. Fuxutaro Sato. Japan 5,228, June 3, 1925. The roofing tile has a 
projection on its back. On roofing, each 4 tiles are set on a rectangular base which has 
4 corresponding depressions. S.K. 

Method of manufacturing decorative architectural pottery. THe Osaka ToGyo Co. 
Japan 67,711, March, 6, 1926. An architectural pottery of suitable shape is formed 
and is then split. The fracture is used as front surface. The pottery is fired after fin- 
ishing both parts. S.K. 

Process of giving marble pattern to ornamental brick or tile. Mikro Kuno. Japan 
67,894, March 26, 1926. Twenty grams of sodium silicate and 2 grams of persimmon 
juice are added to 1.8 liter of thick ‘‘Funori’’ (sea-weed) solution. After stirring well, 


i 
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the liquid is poured in a wide vessel. Thick slips of ceramic colors in alcohol are dropped 
in turn from a writing-brush on the surface of the liquid. A marble pattern is produced 
on the surface by stirring it with a coarse comb ora thin rod. A biscuit of tile or brick 
is dropped in the liquid. After drying, it is glazed and fired in a kiln. S.K. 
Method of manufacturing decorating tile of any kind. THe SHINAGAWA HAkv- 
RENGA Co, Japan 7,616, Jan. 29, 1926. Tile is formed in such a way that each two 
pieces are joined at two ends and their front surfaces face each other. The hollow tile- 
like body is set in a kiln so as to allow the flame to pass through the hole‘ The joints 
are cut off after firing. The process reduces the cost by dispensing with the use of 
muffle or sagger. S.K. 


White Wares 


The casting of clay and its application to art and industry. P. Renavutt. Rev. 
Mat. Constr. Trav. Pub., 210, Pt. II, 53-57(1927).—For Part I, see Ceram. Abs., 6 
[8], 350(1927). A discussion of the casting of the 2nd class of ceramic bodies: saggers, 
glass pots, refractories, etc. Very excellent results have been attained in the casting of 
saggers and it has been employed successfully by many manufacturers. The clays used 
in making slip’ for casting saggers are generally the same as used in other methods of 
making saggers. They should produce with a minimum amount of water and alkali 
slips which are sufficiently fluid and have the right consistency. The grog may consist 
of fired clay, broken saggers, etc. A typical compositi~n for saggers is as follows, 


Clay (very plastic) 270 
Mixture A 290 
Grog (old saggers) 440 

1000 


Mixture A is composed of equal volumes of nonplastic, semiplastic, and plastic clays. 
To each kilogram of the dry material is added, 

2.081 gms Na,SiO; (34° Bé) 

1.794 gms Na2CO; (saturated solution) 

840. gms water 

Glass pots are cast in a manner quite similar to saggers. In casting, the mold can be 
drairied the day following casting and the mold removed 2 or 3 days later. The large 
pots require 4 or 5 months for drying. Examples of compositions of glass pots are: 


No.1 No.2 No.3 


Refractory clay 40 32 20 
Kaolin 8 20 
Grog 60 60 60 


100 100 100 
No. 1 will soften under 15 lbs. per sq. in. at 1200-1250°C, No. 2 at 1340°C, and No. 


3 at 1360°C. The most important refractory brick which is cast is the Carborundum 
brick. It is mixed with a sufficient amount of clay of refractory nature and made into 


a slip using sodium silicate. R.5-F. 
China clay from South Africa. Bull. Imperial Inst., Vol. 25, pp. 126-29(1927); 
Min. and Met., 8 [247], 412 (1927). F.P.H. 


Producer gas lowers costs impressively at Maddock sanitary plant. ANoNn. Ceram. 
Ind., 9 [3], 257-58 (1927).—The producer-gas plant gasifies about 22 T. of anthracite 
coal per day and delivers it to the kilns at a rate of 9 to 10 cents per 1,000 cubic feet. 
The gas is of 140 B.t.u. average. F.P.H. 

Feldspar and feldspar production in North Carolina. Jasper L. Sruckey. Manu- 


facturer’s Rec., 41 [26], 63-68 (1927); Amer. Glass Rev., 46 [43], 35(1927).—A description 


= 
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of the feldspar industry of N. C., covering mining, grinding, distribution, and prospects. 
E.J.V. 
The insulation of pottery ovens. T. Simpson. Pottery Gaz., 52 [603], 1437-38 
(1927).—With present methods of insulation at least 50% of the heat formerly lost 
through furnace walls can be retained. The insulating material is built into the body 
of the oven or kiln wall between the refractory lining and the common brick work, 
generally left unbonded as a pure lining to the refractory. Insulation not only effects 
a direct fuel saving but in many cases a definite increase in capacity can be made in 
existing ovens, thus increasing the rate of output with lower firing and fuel costs. 
Several well-known materials are used as insulators, but for the pottery trade, such 
materials as diatomite, kieselguhr, fossil meal, *“Sil-O-Cel,”’ etc., which are very similar 
in composition, are mainly used. The constitutions of these materials are discussed. 
Hall China Company is adding another kiln to recently acquired plant. AwNon. 
Pottery Glass and Brass Salesman, 36 [5], 29(1927).—Another kiln is being added to 
the new No. 3 plant of the Hall China Company, East Liverpool, which will be placed 
in operation on or about Oct. 1, This will give the plant 4 kilns. The new kiln is 
the familiar upright style, but it is being equipped and constructed for a new type burner 
which it is claimed, will consume approximately 40% less gas than the old type burners. 
It is being erected under the supervision of Mark Solon, Trenton, who, it is said, holds 
the patent on the burner. The kiln will be of the downdraft type. B.J.V. 


PATENTS 


Nonslip floor tile. THomas S. Curtis. U.S. 1,640,886, Aug. 30, 1927. A nonslip 
ceramic tile, comprising a body of a substance homogeneous throughout but formed 
with spots or zones of higher density than the body of the substance from which the tile 

is made. 
% Electrical insulators. W.C. KENNETT. Brit. 272,978, Aug. 17, 1927. 
An insulator for use in the construction of large transformers comprises 


of 


f a hollow porcelain body having at each end a spider 2, 2* through which 
: the conductor 3 passes. Holes 7 are 
f formed in the spiders to allow the 
i passage of oil through the insulator. 


A metal clamp 5 engages between ribs 
6, 6* on the body 1. 

Molding pottery. F. HANCOCK. 
Brit. 274,230, Sept. 7, 1927. Spouts, 
handles, or other complementary parts 
of teapots and other articles of pottery, 
are standardized after molding by 
treatment in a rotary chuck. Figures 
1 and 2 show a series of teapot spouts mounted 
radially in complementary recesses formed in the- 
chuck 1 and retaining ring 8, and projecting inwardly 
at 7 for treatment by a cutting or trimming tool. 
Either the chuck or the tool may be rotated, or both, 
and the articles may project radially outward instead 
of inward as shown. 

Improvement in the manufacture of insulator. THE Nippon GaisHi Co. Japan 
8,298, April 2, 1926. Pin is inserted into porcelain body of an insulator. The space 
between them is filled with a substance which is not a meta! or an alloy and melts at a 
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comparatively low temperature as a powdered cement chiefly composed of sulphur, 
Bakelite, or a compound. The insulator is afterwards passed through a tunnel kiln to 
melt the cement. Pitch, quartz, feldspar, glass or sand may be compounded to the 
cement. S.K. 
Improvement in joints of porcelain insulator. THe Osaka ToGyo Co. Japan 
7,898, Feb. 26, 1926. Those portions of porcelains where they are to be joined with 
cement are smoothly glazed and are coated with a suitable agent preventing adhesion 
of the cement. The union between two porcelain parts or porcelain and metal is 
secured by the inclination of the surfaces against the central axis of the insulator. 
S.K. 
Method of manufacturing thermos pottery bottle. TomisaABurRo SuzuKI. Japan 
8,980, June 9, 1926. Double-walled bottle is formed with a pottery body, the annular 
space being sealed tightly. After applying a glaze on its inner and outer surfaces, it 
is glost-fired. A vacuum is produced in the annular space during the firing, since the 
air expanded by the heating escapes through the permeable body as long as the glaze 
is immature. S.K. 
Bowl insulating heat. JisuKE Kojima. Japan 5,434, July 24, 1925. Body is 
formed by covering bowl-shaped wire-gauze with a plastic mixture of asbestos, sodium 
silicate, ground quartz, lead carbonate, borax, and water. It is pressed in a mold, dried, 
biscuited, and refired after applying an enamel slip 4 @ 
Insulator. MAGOoEMON Ezor. Japan, 3,437, Feb. 27, 1925. Glass more fusible 
than the porcelain glaze is used for cementing two porcelain parts together and also for 
joining the porcelain parts to the metal fittings. S.K, 
Method of fixing an insulator. THe Nippon GaisHi1 Co. Japan 5,337, June 12, 
1925. The space between a porcelain body and a pin is filled with alloy grains. They 
are then heated in a tunnel kiln to melt the alloy. S.K. 
Improvement in insulator. THe Nippon GaisHi Co. Japan 5,592, July 3, 1925. 
A coating with poor heat conductor, such as Bakelite, enamel, or lacquer is applied on 
the surface of porcelain insulator with the object of reducing moisture condensation. 
S.K. 
Process of manufacturing porcelain teeth. Kajo SHoru. Japan 67,547, Feb. 22, 
1926. In the manufacture of porcelain teeth with a pin made of an alloy of nickel or 
other metals, the foot of the pin is coated with a thick slip of a compound which will 
retain its porosity at the maturing point of the porcelain but will vitrify at the end of 
firing and is fixed to the porcelain. The coating allows the gases produced in the porce- 
lain as well as around the pin in firing to escape through it and thus prevents the occur- 
rence of pores around the pin. S.K. 
Process of hardening cement in insulator. THE Nippon GaisHi1 Co. Japan 4,508, 
April 27, 1925. An electric insulator whose parts have been fixed together with a 
cement mortar is left untouched until it hardens to a suitable state. Then it is soaked 
in a hot liquid such as water for a suitable time so as to remove alkali compounds 
from the mortar. 


Equipment and Apparatus 


Filter presses, standard types. J. H. CLARK, Jr. Ind. Eng. Chem., 19 |6], 688- 
91(1927).—The advantages and disadvantages of the various standard types are 
summarized. The following points are discussed: recessed plate vs. flush plate and 
frame, location of feed, open vs. closed delivery, washing vs. nonwashing, and closing 
the press. RIP. 
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Motor drives for elevators and conveyers. GORDON Fox. Blast Fur. Steel Plant, 
15 [8], 372-75 (1927).—After explaining the application and operation of machinery 
for transporting materials, F. gives the characteristics of the motors which should be 
used. 
A century and a half of stokers. Anon. Blast Fur. Steel Plant, 15 [8], 403-406 
(1927).—Successive improvements in stoker construction are recited from the earliest 
design. Underfed type received special consideration. Requisites are tabulated. 
F.P.H. 
Feed water heaters and their uses. ANon. Blast Fur. Steel Plant, 15 [8], 407- 
409 (1927).—A survey of the conditions under which heaters and economizers are justi- 
fied. Types of heaters and their applications are described. EPH. 
Construction, making, and care of filter-press cloths. A. R. PEER. Bull. Amer. 
Ceram. Soc., 6 [9], 284—86(1927).—Specifications for the construction of cloth best 
suited for pressing clays are given. Two kinds of finishes for the press cloth are the 
creosote finishes and the green-cupra-ammonium finish. The advantages and dis- 
advantages of each are listed. The correct fit of press sacks is of great importance 
as this has a considerable effect on the life of the press sack. Tests should be made of 
various press cloths so as to determine which is the most economical in each particular 
plant. Several suggestions which will help to prevent press cloths from breaking out 
prematurely are given. E.J.V. 
Factory design and equipment. T. W. Garve. Clay-Worker, 88 [2], 106-108 
(1927).—The 6th of a series of articles on this subject. Storage within the factory is 
discussed. Several types of bins are described and discussed, including wooden, steel, 
and concrete bins of the silo type. Types of conveyers for carrying the materials from 
the bins to the machinery are also discussed. For preceding articles see Ceram. Abs., 


6 [10], 442 (1927). E.J.V. 
An unusual method of magnetic separation. ANon. Nat. Glass Budget, 43 [16], 
13(1927); see Ceram. Abs., 6 [9], 394 (1927). E.J.V. 


Study of extrusion machines, effect of various auger tips, collective spacers, and 
dies. ANon. Bur. Stand., Tech. News Bull., No. 124, p. 8(1927).—It appears that 
the type of auger tip and the length of the collective spacer between the tip of the auger 
and the mouth of the die have each a decidedly greater effect on the ouput and quality 
of the ware than either the length or the taper of the brick die. Slight changes in the 
moisture content of the material in the vicinity of the point of optimum plasticity has 
even a greater effect on the power consumption than either the type of auger or the 
length of the collective spacer. Using a medium plastic clay it was found that the single- 
winged auger is the most efficient of the 3 types, i.e., single, double, or triple, 

R.A.H. 

A portable apparatus for transverse tests of brick. A. H.Sranc. Bur. Stand., 
Tech. Paper, No. 341.—The modulus of rupture or transverse strength of building bricks 
is recognized as one of their most important mechanical properties. Since bricks are 
classed according to the value of this modulus it is desirable that this property be easily 
and quickly determined. A portable apparatus for this purpose has been designed by 
the Bureau of Standards. By its use an inspector can determine at once whether the 
brick supplied has the required strength, thus making it unnecessary to send samples 
to a testing laboratory and wait for the report. To secure portability the load is mea- 
sured by two Bourdon tube gages. The shortcomings of these gages are well known, 
and they should never be used for standard calibrating instruments. However, when 
calibrated frequently enough, they possess sufficient accuracy for the purpose, and the 
instrument is so designed that a calibration in a standard testing machine can easily 
be made without dismantling the apparatus. R.A.H. 
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PATENTS 

Apparatus for grinding clays, shales, and other dry and semidry materials. THomAs 
A. Hipspins. U. S. 1,640,772, Aug. 30, 1927. A grinding pan 
of the character described, comprising a flat horizontal 
rotating grinding surface, and an adjustable rim carried there- 
by on its outer edge for controlling the size of the spillway 
between the rim and the grinding face. 

Grinding ball and process of making. Tuomas S. Curtis. 
U. S. 1,640,885, Aug. 30, 1927. A grinding ball comprising 
pyrophyllite baked at high temperature. 

Molten material spraying apparatus. Louis P. KovANDA AND Jay H. HUBBELL. 
U.S. 1,642,418, Sept.13, 1927. In a molten material spraying 
apparatus, a reservoir adapted to contain molten material, a 
nozzle, a molten material-conveying line connecting the 
reservoir and nozzle, and connected heating jackets sur- 
rounding the reservoir, line, and nozzle respectively. 

Electric furnace. SakuneEI KoBayAsH!. Japan 7,164, Dec. 4, 1925. The electric 
furnace has grooves in its floor and is provided with refractory pipes holding resistant 
wires along its inside walls. The construction allows the regular circulation of hot air 
in the furnace by the convection of heat. S.K. 


Kilns, Furnaces, Fuels, and Combustion 


Heat recovery in open-hearth furnaces. W. Trinxs. Fuels and Fur., 5 [7], 
851-53 (1927).—T. discusses the use of regenerators in open-hearth furnaces. Their 
efficiency depends on their size, which is limited by practical considerations to between 
9 and 25 cu. ft./sq. ft. of hearth area. The efficiency of a regenerator can be increased 
by using thinner bricks and smaller openings between the bricks, but dust deposition 
limits the openings to not less than 44 by 4} inches. An arrangement for increasing 
the heating surface in regenerators is illustrated by means of a diagram. T. points out 
that it is important to insulate the regenerators and to prevent the infiltration of cold 
air either by means of plastic coatings or steel jackets. A.E.R.W. 

A decorating kiln of interesting design. ANoNn. Fuels and Fur., 5 [7], 928(1927).— 
A brief description of an electrically heated china decorating kiln which has recently 
been installed and which shows a high thermal efficiency. The kiln is operated at a 
temperature of about 1400°F in the heating zone.. It is equipped with 20 cars having 
an area of 30 by 54 inches. Volta sheet type resistors of low gradient are used in heating 


the kiln, which is heat insulated in a very efficient manner. A.E.R.W. 
Modern waste heat boiler developments. Esner. Combustion, 16 [6], 329(1927); 
Feuerungstechnik, 15 [20], 240(1927). F.P.H. 


The firing of stoneware kilns with illuminating gas. R. Banco. Tonind. Zig., 
51 [40], 699-700 (1927).—The following 3 systems are described and compared: (1) 
no preheating, reduction of combustion temperature to 1700°C by admitting waste 
gas; (2) preheating only, without regard to the combustion temperature; (3) pre- 
heating and cooling to a combustion temperature of 1700°C. F.P.H. 

Modern dolomite kilns. PFAnL. Tonind. Ztg., 51 [65], 1146-49(1927).— 
P. traces the development of the kilns used to calcine dolomite and gives diagrams and 
illustrations of the latest types of kilns. F.P.H. 


PATENTS 


Kiln car. Paut A. MEEHAN. U. S. 1,641,185, Sept. 6, 1927. In a kiln car, the 
combination with a car body of a metallic work supporting platform, and a plurality 
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of metallic pedestal members resting on the car body and supporting said platform with 
some at least of the contacting surfaces of the members, car body and platform non- 
uniform so that by adjustment of members relative to the car body and platform the 
weight of the platform and its load may be properly distributed among the various 
members. 

Kiln car. Paut A. MEEHAN. U. S. 1,641,186, Sept. 6, 1927. In a kiln car, the 
combination with the car body, of a metal cover plate member for the body, a metallic 
work supporting platform member and means including rolling bodies between members 
and a projection on one of members in 
frictional engagement with the other 
through which the platform member is 

Lf as J supported by the cover plate member with 
: limited freedom for relative movement to 
accommodate relative thermal expansion and contraction. 

Pottery kiln. THe Tokio INDUsTRJAL Las. Japan 7,619, Jan. 29, 1926. The 
floor is made of a thick refractory round disk. Beneath the floor, a mechanism is ar- 
ranged, by which the floor can be revolved in any direction and also moved up or down. 

S.K. 

Improvement in tunnel kiln. MAGoEMON Ezor. Japan 66,490, Nov.9, 1925. In 
the usual tunnel kiln with a subway for car track, its inner and outer walls except the 
bottom are constructed so as to form arcs. S.K. 

Process of firing pottery tile. Naoicu1 FukupA. Japan 66,556, Nov. 12, 1925. 
Saggers are built up with unfired pottery tile, which may be engraved or coated with 
glaze, and are used in firing other potteries. Afterward the tile are used as such. 

S.K. 

Roofing-tile kiln. ToxkicHi AND SADAKIcHI Naito. Japan 7,962, March 3, 1926. 
In the usual roofing-tile kiln, having combustion chamber under kiln room, a combustion 
chamber is constructed in tunnel shape and has many outlet openings of flame in its 
arch. The latticed kiln floor is supported by small rods on arch. a 


c 
— 
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Geology 


Geology and mineral resources of the Dixon quadrangle. RussEL STAFFORD 
KNAPPEN. Illinois Geol. Surv., Bull., No. 49, 141 pp.(1926).—After discussing the 
previous work, the geography of the quadrangle and the geologic terms and principles 
involved in the survey, K. gives an account of the stratigraphy, geologic history, struc- 
tural geology, and mineral resources of the Dixon quadrangle. Much of the St. Peter 
sandstone answers all the requirements of a good glass sand. A.E.R.W. 

The building of New Jersey. Henry B.KumMeEL. Ceram. Age, 10{1], 11-15(1927). 
—K. describes the early geological features of N. J., dividing the state into 4 districts 
and explaining the characteristics of each. He describes the geologic development of 
the state from the dawn of geologic time to the present, including the paleozoic period, 
mesozoic period, and the late mesozoic and cenozoic periods. The formation of clay 
and other natural deposits of the state is described. : A.E.R.W. 

Mica and its uses. G. V. Hopson. Chem. Eng. Min. Rev., 19, 367-69 (1927).— 
The commercial value of mica is affected by the degree of ease with which it can be split 
into thin films, and the clearness of these films. India leads in production of sheet mica, 
while the U. S. is far ahead on ground mica. M.E.M. 

North Carolina pyrophyllite developments. ANon. Rock Prod., 30 |18], 76(1927). 
Developments at the two principal regions of pyrophyllite mining in N. C. are making 
way for a larger volume of output from what mineralogists declare to be the only com- 
mercial deposits in the United States. Pyrophyllite is one of the kaolin minerals and 
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has been imported from China and European countries. It is sometimes called French 
chalk and pencil stone. Its chief use is found in the paper and rubber trades. 
F.P.H. 
Chilean nitrate law. ANon. Chem. and Ind., 46, 708(1927).—The president of 
Chile may now exploit nitrate reserves if producers refuse to open their plants, and may 
reduce or increase export tariff without Parliament. The new law also provides for 
loans to producers and for reducing transport costs and for securing lowest prices 
for fuel necessary to operate nitrate plants. As an effect of this law, 35 plants are oper- 
ating. H.HS. 
Leucite industry in Italy. ANon. Chem. and Ind., 46, 708(1927).—Last year the 
Soc. Ital. Potassa, which treats leucite by the Blanc process (for Al and K) at Roc- 
camonfina, near Naples, produced an average of 1500 T. monthly of concentrated leucite. 
Two other companies also treat the Blanc leucites, and a-French firm proposes to erect 
a factory for 150,000 T. annually. In addition the English firm, Peter Spence, and the 
Soc. d’Electrochimie of Lyons use the Blanc process. The residual SiO, is used to 
make sodium silicate. H.H.S. 


Chemistry and Physics 


Uranium oxide colors and crystals in low temperature glaze combinations. JAMES 
R. Loran. Jour. Amer. Ceram. Soc., 10 [10], 813—20(1927).—A study has been made 
of the color and crystallization of some uranium, lead, sodium, and boron glazes fired 
in a pure oxidizing atmosphere, both alone and with the addition of certain inorganic 
compounds. The colors obtainable are yellow, orange, red, green, brown, and black. 
By using only uranium oxide and red lead it is possible to produce any shade from light 
yellow to dark orange or red. About 10% of yellow uranium oxide-is required to 
produce the deepest shade of orange. A study has been made of the crystals found in 
these glazes and the effect on them of adding clay and certain other compounds, and of 
increasing the time of firing. It is shown that the volatilization of lead is a very great 
factor in the preparation of crystalline structures. 

Adsorption at crystal-solution interfaces. II. Individual macroscopic potassium 
alum crystals grown in the presence of gelatin and dyes. F. G. KEENEN AND W. G. 
FRANCE. Jour. Amer. Ceram. Soc., 10 [10], 821-27(1927).—The present work is a 
continuation of the study of adsorption processes at solution-crystal interfaces. It 
consists of an investigation of the adsorption of dyes and gelatin by the various faces 
of potassium alum. The growth ratios of this alum were measured both in the presence 
and absence of the dyes and gelatin. It was found that Bismarck Brown and Diamine 
Sky Blue greatly affected the growth rates of the cube faces and also modified the crystal 
habit. This effect is explained on the basis of the ionic structure of the faces and the 
presence of polar groups in the dyes. The growth ratio Vio/Vi for pure potassium 
alum was found to be 1.61. 

Manufacture of aluminum from clay. ANon. Ceram. Age, 10 [1], 15(1927).— 
The Bureau of Mines has studied available information on acid extraction processes 
for the production of aluminum applicable to clay, leucite, shales, and alunite, and has 
done experimental work on the chemical problems and technology of these processes. 
The limitations and, to a certain extent, the possibilities of the various processes are 
pointed out in a recent report. Possible future developments are discussed. 

A.E.R.W. 

Hydrogen-ion control in industrial processes. W. A. Taytor. Ind. Eng. Chem., 
19 [9], 999-1004 (1927).—A discussion in simple terms of the subject of hydrogen-ion 
control. The theory and the colorimetric methods of measurements of hydrogen-ion 
concentration are discussed. The applications of hydrogen-ion control to many in- 
dustries are mentioned. 
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Influence of diffusion of oxygen on the rate of combustion of solid carbon. J. T. 
WARD AND J. B. HAMBLEN. Ind. Eng. Chem., 19 [9], 1025-27 (1927).—Experimental 
work is described which leads to the conclusion that when solid carbon burns the con- 
trolling variable is not the rate of chemical interaction of carbon and oxygen but is the 
rate of diffusion of the combustion gas through the gas film on the carbon. x3. 

Total carbon in coal. B. Warxins. Ind. Eng. Chem., 19 [9], 1052-54 (1927). 
—A new method of determining the total carbon in coal is proposed. The volume of 
gaseous products of combustion'in a Mahler type of bomb is measured in a mercury 
sealed gasometer. The carbon dioxide content of these products is determined and the 
total carbon is calculated. The total carbon calculated from data secured in this man- 
ner checks the Bureau of Mines value within .1%. The time required for the total 
carbon determination is less than one-half hour after completion of the heating value 
tests. R.J.P. 

Nitrogen as a catalyst in the determination of sulphur in coal by the bomb-washing 
method. J.F.Konout. Ind. Eng. Chem., 19 [9], 1065-66 (1927).—The effect of added 
nitrogen in the oxygen bomb calorimeter is to increase slightly the amount of sulphur 
obtained by the bomb-washing method for the determination of sulphur in coal and to 
bring the results obtained by the three methods generally used for the determination 
into substantial agreement. 

An X-ray study of the garnet group. C. H. SrocKWeELL. Amer. Mineralogist, 
12 [9], 327-45 (1927).—W. E. Ford has found that if the index and specific gravity of 
garnet are known together with its chief components as determined by qualitative tests, 
it ought to be possible in the majority of cases to predict rather closely what its chemical 
composition should be. A. N. Winchell finds that if the index of a garnet together with 
either its specific gravity or isotropic or anisotropic character are known then the ap- 
proximate composition of any garnet can be determined. A qualitative test for man- 
ganese is necessary in order to distinguish from almandite. From the X-ray study of 
the garnet group it is concluded that by X-ray analysis alone (together with a simple 
test for manganesz) any garnet may be easily determined just as closely as by Winchell’s 
method. It is also found that if the X-ray data, index of refraction, and specific 
gravity are known for any garnet then it may be determined, at least in many cases, 
probably just as accurately as by Ford’s method and no chemical tests, other than 


manganese are necessary. F.P.H. 
Investigation of calcium sulphate. III. L. CHAsseveNtT. Ann. chim., 10 [7], 
43-48; Tonind. Ztg., 51 [61], 1091 (1927). F.P.H. 
The dependence of the fusion point of clay on its chemical composition. L. Muraw- 
LEW. Keramika 1. Steklo, 5, 191-93 (1927); Feuerfest, 3 [7], 120(1927). F.P.H 
The phases developed in the firing of kaolin. K. SPANGENBERG. Forschr. d. 
Mineral., Kristallogr. Petrogr., 11, 304 (1927); Keramos, 6 [7], 260 (1927). 
Concerning a new method of washing kaolin and refractory clays. W. SLEPzow. 
Mineralnoje Ssyrje, 5 [6], 374-76 (1926); Feuerfest, 3 [7], 120(1927). F.P.H. 


An etching method for the estimation and structure of tin oxide in cassiderite. 
H. EIsFELDER AND M. PIEPMEYER. Melall. u. Erz., 12, 285(1927); Min. and Met., 
8 [249], 397 (1927).—Cassiderite, which has previously been considered unassailable by 
all etching agents, can be etched by hydrogen in statu nascendi. If the metallic tin 
thus formed is treated with concentrated nitric acid an etched surface is obtained 
which renders it possible to recognize tin oxide, in the presence of accompanying minerals 
such as wolframite, rutile, pitchblende, columbite, or tantalite, all of which are not 
attacked. The etching process is described in detail, the main feature being the direct 
contact of the polished surface of the mineral and zinc sheet which is treated with dilute 
hydrochloric acid to form hydrogen. The tin formed is then dissolved in concentrated 
nitric acid and structural pictures are obtained which are very beautiful. Fy... 
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The changes taking place when kaolinite is heated. A. GinsBeRY, CHR. N1kOGOs- 
SION, AND A. TscHiTAJEW. Mitt. a. d. Inst. Angew., Mineralogie und Metallurgie, 


No. 22, Moskau (1926); Keramos, 6 [7], 260 (1927). F.P.H. 
Structure of 8 quartz. R. E. Gissps. Proc. Roy. Soc., 110(1926); Tonind. Zig., 
51 [39], 697 (1927). F.P.H. 


The action of silica acid in ceramics. Hans Hirscu. Tonind. Zig., 51 [50], 885- 
89(1927).—The physical properties of the various modifications of silica and the 
effects of silica on the various physical properties of ceramic bodies are described. 
Photomicrographs of various forms of quartz and X-ray photographs of kaolin fired 
at different temperatures are presented. F.P.H. 

The measurement of high temperatures in the carbon resistance furnace. W. MiEnR, 
H. IMMKE, AND J. KRAtzertT. Tonind. Ztg., 51 (60), 1063-68 (1927).—Two arrangements 
were used in comparing the optical pyrometers with the thermocouples: (1) method M 
where the thermocouple is placed vertically in the furnace and the optical pyrometer is 
sighted through a horizontal tube on to the tip of the thermocouple protection tube. The 
diameter of the hot tube is 50 mm in this case; (2) method H where the thermocouple 
is placed in the furnace through a horizontal tube and the optical pyrometers are sighted 
through a vertical tube onto the tip of the pyrometer tubing. The diameter of the hot 
tube is 110 mm in this case. Method M seems to give the best agreement. The fol- 
lowing pyrometers were compared with a standard Pt:Pt-Rh thermocouple: (1) pyrome- 
ter of Holborn-Kurlbaum, hot-filament; (2) ardometer of Siemens and Halske; (3) 
iskometer of Joens. F.P.H. 

The chemical analysis of silicates. JosEF ROBITSCHEK. Tonind. Zig., 51 [63], 
1112-15 (1927).—A discussion of the errors often present in the chemical analysis of 
silicates and methods of avoiding these errors is given. F.P.H. 

Setting of dihydrates of calcium sulphate. P. P. Bupnixorr. Zeit. fiir. angew. 
Chem., 40, 408-409; Rock Prod., 30 [17], 82(1927); Tonind. Ztg., 51 [61], 1091 (1927).— 
The rapid hydration of anhydrite with water and a catalyst is due to the formation of 
unstable complex hydrates on the surface of the anhydrite which decompose giving 
CaSO,, 2H,O. Fine grinding increases the affinity of the anhydrite for water, and 
an acid salt as catalyst necessitates less grinding than does a neutral salt. Crystal- 
lization plays an important part in setting, and as the hydration increases more crystalli- 
zation is observable. A cement can be made without burning by grinding natural 
gypsum with a catalyst (at most 0.3%) so that it passes a 9000/cm? mesh. The highest 
strength obtained was 70 kg/cm* (994 Ib./in*.) after 28 days, using 0.3% of sodium 
hydrogen sulphate as catalyst. Sand can be added to this cement, and it can carry 
up to 30% of anhydrite. F.P.H. 

Tornebohm and the composition of alite. Gosticu. Zement, 22 [477], 641; Rock 
Prod., 30 [18], 96(1927).—G. refers to Tornebohm’s researches which led to the deter- 
mination of the clinker minerals, alite, belite, celite, and felite, as a result of microscopic 
studies of cement clinkers. According to G., Tornebohm did not attempt to make a 
statement concerning the chemical composition of these minerals. This is only partly 
true, as Tornebohm did not succeed in isolating these clinker minerals and analyzing 
them in a pure state. Nevertheless, 30 years ago he was already able to determine 
their composition approximately. (Ueber die Petrographie des Portlandzements, 
Stockholm, 1897.) He devoted particular attention to alite, which he characterized 
as the predominating constituent, most easily decomposed by water, 7.e., the carrier 
of the hardening properties. He gives the following composition of alite: 

SiO. 19.48% MgO 3.00% 
Al,O; 7.83 NETO) 0.90 
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These values are not analytical results and were worked out on the basis of the somewhat 
arbitrary assumption that the sample contained 10% celite. On the whole, however, 
they represent the correct composition of alite. Tornebohm was not the first man who 
used the microscope in studying cement. It has been used before for this purpose, 
particularly by Erdmenger (Tonind.Zig., 1880. Suppl. 40). This signified great 
progress as up to that time (Annales des Mines, May and June, 1887) the cement was 
treated as homogeneous. Ten years before Tornebohm, the microscope was used by 
Le Chatelier in studying clinkers and the alite was designated as tricalcium silicate. 
F.P.H. 
German potash production. W. N. Dunn. Chem. and Ind., 46, 789(1927).— 
According to official figures of the Reich Statistical Office, the production of potash 
in 1926 was 21.9% less than 1925 (11.5% export, 9.5% inland), but still considerably 
higher than in 1924 and falling little short of 1913. The rationalization of the potash 
industry is seen from the fact that only 66 out of 228 works participated in the output 
of 1926. The output was 94 million dz (1 dz=100 kg), equivalent to 12.6 million dz 
K,0. H.H.S. 
Coérdination compounds. N. V. SipGwick, Chem. and Ind., 46, 798-806 (1927). 
—The presidential address to Section B, Chemistry of the British Association at Leeds. 
A lucid account, in general chemical language, of the 3rd species of atomic linkage. 
H.H.S. 
Adsorption of gases by glass walls. III. Sulphur dioxide. M. Crespi anp 
E. Moises. Anales soc. espan. f is. quim., 24, 452-64 (1926).—Measurements were 
made on SO; with the same apparatus and by the same method as previously described 
(C. A. 20, 2928) for NH;, and the adsorption was studied as a function of the pressure 
and temperature. It was again found that the adsorption, based upon the calculated 
surface, was about 1.5 times higher for a bulb than for the system of tubes. This 
shows that the real surface must be 1.5 times the calculated. The volume of gas ad- 
sorbed as a function of pressure follows the Freundlich law in the form of v=k.10~*. p}. 
The weight of gas adsorbed by the walls of flasks of different sizes and under different 
conditions of pressure was calculated. A 1-liter flask at a pressure of 760 mm adsorbs 
0.00040 g of SO2, or 1.3 10~! of the weight of a liter. This shows that the error due 
to the film is considerable in this case. A plot of adsorption as a function of time shows 
that the simple equation of Burt and Bangahm, applying in most cases, gives a convex 
curve instead of a straight line. However, the results obtained can be expressed by 
v=k{log(t+1)]?. For Part IV see Ceram. Abs., 6 [9], 379 (1927). (C. A.) 
The determination of potassium in mixtures of salts, especially in the saltpeter of 
Chile, by the perchlorate method. G. Lermmpacu. Caliche, 8, 254-61(1926).— 
Results of analyses are tabulated, from which L. concludes that for technical analysis 
for K in crude nitrate and in its ores, a single evaporation with concentrated HCI and 
HClO, is sufficient. For more exact work, the extraneous salts after the first evapora- 
tion should be eliminated by alc. (96%), and the residue reprecipitated from water 
by HCI10,; sulphates should be eliminated by a slight excess of BaCl2, and with boric 
acid compounds an excess of HClO, should be maintained. Iodates do not interfere. 
: (C. A.) 
The testing of porcelain and glass laboratory ware for arsenic. G. LOCKEMANN. 
Keram. Rund., 34, 815 (1926).—Vessels to be used for As detection and determination 
must be tested themselves. All chemicals, especially the caustic soda used, must be 
tested for traces of As. To test flasks, beakers, etc., a measured quantity (100-200 
cc) of As-free solution is heated for 2-4 hrs. on a briskly boiling water bath, or for 
13-2 hrs. on an asbestos-covered gauze (not to boiling). Smal! objects are put in 
Pt or Ag dishes or in tested As-free porcelain dishes. The small quantity of As is 
best thrown by adsorption, by adding a few cc of an Fe solution to the neutral solution 
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of As and, after cooling and stirring, an equivalent quantity of NH,OH. The pre- 
cipitate is dissolved in dilute H,SO, and tested in a Marsh-Liebig apparatus. 
(C. A.) 
BOOKS 
Soil Mineralogy. By Freperick A. Burt. D. Van Nostrand Co. New York 
(1927). 82 pp., illustrated. Price $1.50. Reviewed in Min. Met., 8 [249], 408 (1927). 
F.P.H. 
Properties of Inorganic Substances. A Second Revision and Enlargement of 
Tables of Properties of Over Fifteen Hundred Common Inorganic Substances. 
By WILHELM SEGERBLOOM. The Chemical Catalog Co. Inc., New York City, 1927. 
226 pp. 23.5X16cm. Price $6.00. Reviewed in Jour. Amer. Chem. Soc., 49 [9], 2336 
(1927).—The purpose of this book is indicated by the author in the preface to the 
first edition, is to provide a list of properties of inorganic substances to corroborate 
tests made in qualitative analysis. R.J.P. 
General Inorganic Chemistry. By M. CANNon SNEED. Ginn and Co., Boston, 
1926. vi+674 pp. 132 figs. Price $3.00. Reviewed in Jour. Amer. Chem. Soc., 49 
[9], 2335 (1927).—A new testbook for students beginning a college course in chemistry. 
R.J.P. 
Titanium. By Witt1AM M. THoRNTON. Chemical Catalogue Co. N.Y.(1927). 
262 pp. $5.00 American Chemical Society Monograph Series; Min. and Met., 8 [249], 


408 (1927). F.P.H. 
Japanese Clays. Memoirs, Faculty of Science and Engineering, Waseda University, 
Tokyo. No.’4, 1927. H.H.S. 
PATENTS 


Method of transforming titanium-dioxide or rutile and a product thereof. Simon 
J. Lupowsky. U. S. 1,640,952, Aug. 30, 1927. In transforming titanium-dioxide or 
rutile into a soluble compound, the process which comprises calcining the same with 
magnesium oxide to approximately Seger cone 18. 

Treating clay. J.G.Ctoxe. Brit. 272,976, Aug. 17,1927. Argillaceous materials 
such as clays are treated, preferably by boiling, with a reagent such as a strong mineral 
acid adapted to dissolve out the colored ingredients but in insufficient quantity to cause 
the formation of aluminium salts to any appreciable extent, fluorine or a fluorine com- 
pound such as hydrofluoric acid being then added. Sulphuric acid is a suitable agent, 
1 Ib. of acid being employed with 7 lb. of yellow china clay and 21 lb. of water. The 
mixture is boiled until the colored matter is dissolved and the liquid has been concentrated 
to about half its volume, when 1 to 2 Ib. of calcium fluoride is added, the boiling being 
continued until the mass begins to thicken. The product contains bleached clay and a 
new substance resembling mica. The quantity of the micalike substance produced 
can be controlled by varying the quantity of hydrofluoric acid employed, 1 gram of 
fluorine yielding 10 grams of the micalike substance, but the quantity of the fluorine 
compound must not be such as to dissolve the silicate. The reaction mixture is treated 
by decantation to separate the bleached clay from the micalike substance. The 
liquor containing the coloring substances may be treated for obtaining compounds of 
vanadium or uranium, or, if comprising mainly iron compounds, may be treated to 
produce blue or green pigments by adding cyanide or chromium compounds; this 
production of pigments may be effected in presence of the whole or a part of the clay, 
giving pigments suitable for use in distempers, paints, etc. 

Decolorizing china clay. P. E. WickHam. Brit. 273,373, Aug. 24, 1927. In 
decolorizing china clay, any iron present is removed, and organic coloring matter first 
reduced and then removed, by treating the clay, in the form of a watery paste, with a 
hydrosulphite, then with an acid, and filtering off the impurities. For example, to a 
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paste containing 7-10% dry clay is added solid dry hydrosulphite in the proportion of 
4 lbs. of the latter to each ton of dry clay, and the whole thoroughly mixed, as in an 
agitating tank. Formic acid, in the proportion of 1-4 lbs. to each ton of dry clay, is 
then stirred in, and the resulting mixture pumped or blown to a filter press for removal 
of the iron, etc. Instead of formic acid, other organic acids, a mineral acid, or a mixture 
of a mineral acid with an organic acid, may be used. 

Fluorspar purification. French 612,142; Rock Prod.,30(17], 83 (1927). Pulverized fluor- 
spar is heated with an alkali hydroxide under pressure to remove the silicon. F.P.H. 

Process of preparing titanium oxide. Yuyiro Misumi. Japan 4,383, April 21, 
1925. Pulverized iron ore containing titanium is dissolved in a boiling solution of 
niter in sulphuric and hydrochloric acids. The solution is evaporated to dryness and 
heating is kept to fusion. The cake of titano-iron salts is dissolved in warm water. 
After reducing the ferric salts with electric current, titanium oxide is precipitated by 
boiling the solution. S.K. 


General 


Coéperation that counts. Epiroriar. Bull.. Amer. Ceram. Soc., 6 [9], 253-54 
(1927).—A discussion showing how the ceramic industries of Missouri have coéperated 
with the recently established Dept. of Ceramic Eng. of the Univ. of Missouri at Rolla 
by first obtaining a special appropriation for the department and then providing funds 
for completely equipping the laboratories and bringing about the appointment of an 
additional assistant professor. E.J.V. 

The industries profit most which demand most from the universities. EEprToRIAL. 
Bull. Amer. Ceram. Soc., 6 {9}, 254-56 (1927).—The function of a state university is to 
educate. Citizens pay the bills. Only those who use the university will profit. It 
would profit manufacturers to secure special university training for those who are 
employed daily in the factories that they may the better see, analyze, and apply. The 
type of courses given in a university must be determined by the manufacturers 
according to their desirability. The need of special advanced training is discussed, 
as is the use of the university engineering experiment station. E.J.V. 

Pacific Northwest manufacturers discuss sales arguments. ANoN. Brick Clay 
Rec., 71 [4], 252-53 (1927); Clay-Worker, 88 [2], 105(1927).—The general topic at the 
joint summer meeting of the Northwest Brick and Tile Association and the Pacific 
Northwest branch of the AMERICAN CERAMIC SOCIETY, held in Portland, Oregon on 
July 29, was “Cement Competition with Clay Products.” Sales arguments and adver- 
tising were also commented upon. E.J.V. 

A marvel in management achievement. Anon. Brick Clay Rec., 71 [4], 255- 
68 (1927).—A description of the Streator (Illinois) Brick Co., which ranks with the best 
plants in the clay products industry in its attainments toward the ideal of perfection 
in those important phases of modern industrial management, namely, production, 
marketing, aceounting, financing, personnel, and research. A detailed description 
of the modern equipment and methods which are used throughout is given. E.J.V. 

Business is sound with plenty of money. GrEorGE E. MacI_wain. Brick Clay Rec., 
71, [5], 335-36; Ceram. Ind., 9 [3], 252(1927).—A review of industrial conditions. 
Discount rates of the Federal Reserve Banks having been reduced is an evidence of sound 
business conditions with an abundance of money. E.J.V. 

To be successful the responsibilities of management must be met. S. A. PHILLIPs. 
Brick Clay Rec., 71 [6], 404-409 (1927).—The problem of management is fundamental. 
Regardless of the nature of the management in charge of a business, its high cost, etc., 
it must be respected or all attempts at exercising the functions of leadership will break 
down. The management’s duty is to know more about the work to be done and the 
best ways of doing it than anyone employed in its execution. The use of knowledge 
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and judgement are real tests of good management. Combining sections of different 
dictionary definitions, sound management’s features are ‘‘intellectual control,” ‘for a 
purpose,” by “an expert in planning.’’ The importance of ‘dreamers’ who have 
visionary principles is discussed. Novel ideas are reluctantly accepted by the human 
mind and firmly settled prejudices are very slowly affected by them. Prejudice is a big 
hindrance. Other topics discussed are shorter hours and higher wages, how the men 
should be paid, time no measure of work, costliness of labor tufnover, and why men 
leave jobs. E.J.V. 
Summer meeting of the Glass Container Association. Anon. Glass Ind., 8 [9], 
224-25; Pottery Gaz., 52 [603], 1407 (1927).—A full report of the meeting held at Niagara 
Falls, Ontario, on July 28 and 29. An abstract of S. S. Cochrane’s address on ‘‘Factory 
Management” is given. See also Ceram. Abs., 6 [10], 482 (1927). E.J.V. 
The trend of modern factory requirements. GERALD BELLHOUSE. Pottery Gaz., 
52 [603], 1442-45 (1927).—It has been the general tendency of legislation to accept the 
best known standard as a model, and to aim at bringing the bad factories up to the 
level of the good. Modern factory buildings consist of practically nothing but window 
space, and much greater air space per person is provided. Greater cleanliness by daily 
removal of dust and refuse from floors and benches is required. Older factories 
are being reconstructed on modern lines. The welfare movement is lauded. Improve- 
ments made are the provision of messrooms, better washing facilities, overalls, seats, 
and first-aid arrangements. Hours of employment have been reduced and ‘“‘self- 
inspection”’ of factories is coming. The new Factories Bill is discussed. E.J.V. 
The Cerami¢ Society’s tour in Czechoslovakia and Austria. IV. Anon. Pottery 
Gaz., 52 [603], 1449-55 (1927).—From Horni Briza the visitors were taken to Rakovnik 
where the Rakovnin and Postorna Ceramic Works Co., Ltd., was inspected. The chief 
productions of this firm are floor and glazed wall tiles. Several features of considerable 
interest were seen, among them a small continuous-glaze-firing plant. The Macocha 
grottoes were visited. At Brunn the State Institute for the Silicate Industry was seen. 
This Institute acts as a testing institute for the whole of the ceramic raw material of 
Czechoslovakia, and arrives at the basis of standardization in all the respective branches. 
At Hodonin, the Hodonin Brick Works, producers of brick, floor tiles, roofing tiles, 
ceiling tiles, and drain pipes, were visited. The clay quarry here is worked to the 
extent of 300 cubic meters of clay per day. A 2nd week was spent in Austria 
where the Weinerberg Ceramic Works, and the Austrian-American Magnesite Co. were 
visited. E.J.V. 
The tariff and foreign competition form the principal topics of discussion at the 
Summer Meeting of the New Jersey Clay Workers. Srarr Report. Ceram. Age, 
9 [6], 178-94(1927).—The discussion centered around the following addresses, which 
are reported verbatim: “The Tariff—Present and Prospective’’ by Hon. William 
Burgess, “‘Foreign Competition in the American Market for Ceramic Wares’ by 
Dr. Arthur L. Faubel, ‘Simplification and Classification of Clay Products’”’ by M. A. 
Illing, and ‘‘Do You Know Your Factory Costs’’ by William H. Compton. A.E.R.W. 
The Holland tunnel and its ceramic tiling. Starr ARTICLE. Ceram. Age, 16 [1], 
3-10 (1927).—A descriptive article based on an address by Col. Frederic A. Snyder to the 
New Jersey Clay Worker’s Assn. The early history of the tunnel, its location, construc- 
tion, ventilation, and general features are described. The reasons for using ceramic 
tiling, the conditions governing its selection and testing, its installation, and final 
appearance are discussed. A.E.R.W. 
Limestone for sewage filter beds; causes of disintegration; desirable properties and 
methods of testing. J.E.Lamar. Ill. State Geol. Surv., Rept. of Invest., No. 12, 21 pp. 
(1927).—A discussion of mechanical disintegration due to freezing and thawing and 
temperature changes, of the physical factors such as porosity, texture, and laminated 
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structure, of chemical disintegration and of tests for hardness, toughness, and wear, 
the accelerated soundness test, the water absorption test, microscopic examination, 
solution tests, and chemical analysis. A.E.R.W. 
Franco-German Trade Agreement. ANon. Chem. and Ind., 46, 786(1927).— 
In the commercial agreement signed by France and Germany on August 17, special 
concessions in tariff include Ger. chemical products entering France and French glass- 
ware entering Germany. H.H.S. 
U. S. purchase of Cornish clay mines. Anon. Chem. amd Ind., 46, 789(1927).— 
The Papermakers’ Importing Co. has acquired the Anchor United China Clay Co. and 
the Melingoose China Clay Co., two Cornish concerns capable of producing 50,000 T. 
of china clay a year. H.H.S. 
Science. and the public. ANon. Chem. and Ind., 797 (1927).—British newspapers 
are complaining that the papers delivered at the recent Leeds meeting of the British 
Association for the Advancement of Science were not intelligible to the ordinary reader, 
nor even to trained scientific reporters, and that the Association as a medium for making 
science known to the public suffers in consequence. The writer, while admitting the 
truth of the charge, defends the Association, saying that science has advanced beyond 
the understanding of any amateur, however able. H.H.S. 


Diatomaceous earth in British Columbia. ANon. Chem. and Ind., 46, 813 (1927).— 
A deposit 40 ft. thick in the Fraser Valley, near Quesnel, B.C., is recognized as one of 
the most important occurrences of the mineral in Canada. It is being developed for use 
as a heat insulator and for linings of ovens, refrigerators, etc.,as an abrasive, an absorbent 
for corrosive liquids, as a filtrant, and structurally in the form of light weight bricks, 
plaster, etc. H.H.S. 

Filtration equipment in today’s industry. H. J. Runyon, Jr. Ind. Eng. Chem., 
19 [6], 681-85 (1927).—A brief description of the better known types of filtration equip- 
ment in which attention is drawn to the wide variety available and the necessity of 
investigating any filtration problem thoroughly before installing equipment. R.J.P. 


Drying and firing of clays. Anon. Blast Fur. Steel Plant, 15 [8], 415(1927).— 
It is believed that the difficulty encountered in firing ware is not caused by the removal of 
hygroscopic and chemically combined water, as initially contained in the clay but 
rather by the water which has been driven out of the ware in the hotter portions and 
which may be reabsorbed by the ware in the colder portions and soften the ware suf- 
ficiently to cause kiln marking and cracking. It may also recombine as shrinkage 
water, and its removal in this form might easily cause cracking if the clay is of the 
“difficult drying”’ type. F.P.H. 

And now washers adopt enamel for permanence. Anon. Ceram. Ind., 9 [3], 
265-68 (1927).—A description of the plant of the Altorfer Brothers Co., where enameled 
washing machines are made. Monorail conveyer and waste heat drier are features in 
the new plant. F.P.H. 

Rules for sound plant management. Anon. Ceram. Ind., 9 [3], 278-82 (1927).— 
A report of the meeting of the Glass Containers Association July 28-29 (1927). 


F.P.H. 
British ceramic industry dull. ANon. Ceram. Ind., 9 [3], 282-84(1927).—A 
report of the conditions in the British ceramic industry. F.P.H. 


Simple ceramic test methods. R. Rieke. Keramos, 6 [7], 254-55(1927).—A 
summary of the report of the Materials Testing Committee of the German Ceramic 
Society. The full report is found in Ber. deut. Keram. Ges., 8 [1 and 2],(1927); for ab- 
stract see Ceram. Abs., 6 [7], 304; [8] 361 (1927). PF. 
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PATENTS 

Method of manufacturing building material. Torcu1 Nose. Japan 9,672, Aug. 4, 
1926. Cement ware, fired silicate product, or asbestos-water-glass ware is soaked in 
molten sulphur and hot bath of asphalt, resin, or fatty oil. The product is tough and 
water-proof. S.K. 

Method of reinforcing concrete and other silicate wares. Toicu: Nose. Japan 
5,602, July 3,1925. Cement wares, brick tile, or similar fired silicate products are soaked 
in molten sulphur so as to improve their tensile strength, electric insulation, permea- 
bility, and resistance to acids. S.K. 

Method of manufacturing water-proofing agent for cement. THE MitsusisH Co. 
Japan 8,697, May 12, 1926. Salt of fatty acid and resinate are prepared by the action 
of alkaline earth as magnesia on the mixture of glyceride of fatty acid as olein oil and 
resin at ordinary or higher temperatures. Volcanic acid rich in soluble silica and silica 
gel, obtained by treating alkali silicate with inorganic acid, are compounded to the 
mixture. S.K. 

Emulsive water-proofing paint. Usaxicu1 HamaGucur. Japan 9,803, Aug. 11, 
1926. The paint is composed of (1) a solution of aluminium salt and calcium salt of 
fatty acids in a mixture of naphthenic acid, drying oil, alchohol, and alkali, (2) a 
solution of gum in benzene, and (3) a soap containing sodium or potassium silicate. 
It is used for waterproofing concrete, mortar, brick wall etc. S.K. 

Process of removing iron from clay ware. THe Toxio INDUSTRIAL LABORATORY. 
Japan 67,513, Feb. 17, 1926. Dried or baked clay ware is covered with an orgainc sub- 
stance in liquid state and is heated in the atmosphere of chlorine. The organic substance 
may be heavy oil, wax, resin, tar, animal or vegetable oil, or fat; it may be a substance 
containing one of them, a mixture of pitch or powdered carbon and one of them, or 
a solution of sugar, starch, dextrine, or other soluble organic matter. The organic 
substance soaks into the body and is carbonized on heating. The action is pretty strong 
at 600°C, though a higher temperature is desirable. S.K. 


Book Reviews 


Ceramics—Clay Technology. Hewitt Witson. (Associate Professor of Ceramic 
Engineering) University of Washington, Seattle. Published by McGraw-Hill Book Co. 
New York, first Edition, 296 pages, 8 Octavo. Price $4.00. 

Prof. Wilson in a very readable style has put into book form his introductory lectures 
on clay technology. 

This book represents a summary of the literature and of personal observations made 
by one who is busy pioneering alone in a new territory, taking very active leadership 
in the organization of northwestern clay workers, developing a school of ceramics on a 
thorough and broad basis, and working out the geology and the industrial possibilities 
of the clays and minerals of the Northwest. That so young a man while taking the lead 
in so full and varied a schedule of undertakings could find the time to make as thorough 
and systematic summary of the known facts and the theories pertaining to clay tech- 
nology is indeed surprising. He has done it. Wilson is another American boy soloing 
on a carefully planned task with painstaking study and patient attention to details. 
He gives credit fully to sources of information. Those who know him and his work as 
does this reviewer, can notice many instances where he has generously cited the works 
of others when he could have used references to his own work as thorough and predat- 
ing the works cited. 

Had Wilson had the services of an abstractor for collecting and annotating the litera- 
ture this treatise on clay technology would have been ideal. As it is this treatise is 
more thorough, more systematically presented, and more clearly stated than the 
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reviewer had anticipated. Wilson’s task was a hard one to accomplish without aid, and 
as his first attempt at publishing it is most praiseworthy. 

Wilson announces in the preface that this book covers only that which is not covered 
by reports of Standards Committee of AMERICAN CERAMIC Society; and by Ladoo’s 
“Non Metallic Minerals” and Ries’ “Clays, Their Properties and Uses.” It is hoped 
that in the second edition Wilson will not merely supplement these other works. 

Wilson’s presentation of drying, vitrification, fusion, and crystallization is especially 
good and quite complete. 

This book will be an excellent text book for use by the universities and will be a 
valued source of information and inspiration for anyone who is making utility products 
from clay. 

A better investment could not be made by the ceramic industries than to put at the 
disposal of Professor Wilson the services of one who can search the literature and assist 
in valuating the many observations and theories on clay technology. Wilson has shown 
in this book a rare skill in developing a readable and well-connecting story from frag- 
mentary and scattered sources of information. EpITor. 

Utilization of Blast Furnace Slag in Highway Improvement. CLARENCE E. 
BarDsLey. Tech. Series, Bull. Missouri School of Mines, Rolla, Mo. 115 pp. 17 
illustrations, 8 tables, 39 pages of descriptive matter and a bibliography of 600 
references. 

The work was undertaken by the author as a dissertation in partial fulfillment for 
the degree of doctor of science under the National Slag Association Fellowship in High- 
way Engineering and under the direct supervision of Arthur H. Blanchard, professor of 
Highway Engineering and Highway Transport at the University of Michigan, leave of 
absence having been granted the author from the University of Missouri for the year 
1926, the latter institution through its School of Mines having printed the paper in 
abstract form. 

Dr. Bardsley follows the discussion on the nature and purpose of the investigation 
in Chapter I, which gives a résumé of the history, manufacture, and use of slag as a 
structural material. He sketches the history of the uses of slag from the earliest 
Roman times through Germany, England, and other countries in Europe and the 
Orient to its present uses in the United States. A concise description of the manufacture 
of slag is taken up from the processes at the blast furnace up to the time it becomes a 
construction material. Slag as a structural material is then described and its uses dis- 
cussed. This discussion is concluded by tables summarizing the specifications for slag 
in highway construction as given in the specifications of many state highway depart- 
ments, the U. S. Bureau of Roads, etc. 

Chapter II discusses tests on blast furnace slag, his interpretations and conclusions. 
This portion of the report has been abstracted. It is stated that those interested in 
the actual tests are privileged to examine the full report which contains over 300 pages 
and is on file in the Library of the Graduate School at the University of Michigan, 
Ann Arbor, Michigan. 

Chapter III summarizes in 8 pages his conclusions from the tests mentioned and the 
general study made, and recommendations are given for further study where little 
information was available. A symposium of the tests available in this study are given 
at the end of the chapter. 

The next 75 pages of the bulletin comprises the extensive bibliographies on blast 
furnace slag, the first being given according to kind of publication and alphabetically 
arranged, and the second consisting almost entirely of a different series of references 
chronologically arranged. 

All in all Dr. Bardsley has ably discussed the possibilities of a road construction 
material generally little known to engineers, and it seems that at last some use has 
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been found for the great slag heaps one sees along our highways and railroads as one 
passes through the great pig-iron producing centers of the nation. 

Copies of this paper may be obtained from the Librarian of the Missouri School of 
Mines or the author. Address requests on letterheads. EpiTor. 

Journal of the Institute of Metals. Vol. 37, cloth. Pp. 834; 75 plates and numer- 
ous illustrations in the text. Edited by G. S. Scott, M.Sc., 1927. London. The 
Institute of Metals. Price 31s. 6d. net. 

The new volume of the Journal of the Institute of Metals contains a mass of 
metallurgical information of both practical and theoretical interest. In these days of 
rapid application of the results of academic investigations to practical purposes, labor- 
atory researches are closely watched by persons engaged on the manufacturing side of 
industry. Many suggestive lines of thought are opened up by the seventeen original 
papers that appear in the present volume. 

The President of the Institute of Metals, John Dewrance, happily combines in his 
presidential address a large amount of original scientific work with practical experience 
of bronze casting and illustrates his points by means of sixteen striking plates. Similarly, 
in his May lecture, Henry A. Miers, shows that such a subject as “The Growth of 
Crystals in Supersaturated Liquids’ has most important bearings on the latest 
metallurgical practice. 

Of more obvious interest to the engineer and the man in the foundry are such papers 
as: “Brittleness in Arsenical Copper,’’ C. Blazey; ‘‘The Manufacture and Properties of 
Hairsprings,”” H. Moore and S. Beckinsale; ‘‘The Effect of Arsenic on Copper,’’ D. Hanson 
and C. B. Marryat; ‘‘The Attack of Molten Metals on Certain Non-Ferrous Metals and 
Alloys,” H. J. Hartley; and ‘Electric Furnaces in Non-Ferrous Metallurgy,” D. F. 
Campbell. 

These and other papers, including communications by Japanese, German, and 
Australian metallurgists compose one half of the present volume. The remainder is 
made up of metallurgical abstracts, numbering several thousand, culled from the 
world’s literature which has been published since the beginning of the yzar on the subject. 
The high standard previously set in the preparation of these abstracts has been well 
maintained, thus making this section of the Journal of great importance to engineers 
and metal workers at home and abroad. Reference to the abstracts is facilitated by 
an extremely full and clear index covering nearly 100 pages, 
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JOURNAL advertising space may be at a 
premium next month and the following 
months. Why? The news is leaking out so 


we may as well make our announcement. 


The National Brick Siauleatenee Association 
and the American Ceramic Society are to hold 
their meetings jointly at Atlantic City in February. 
Arrangements have been made to hold the ex- 
hibits for the two organizations at the same time. 
These meetings are only one week ahead of those 
for the Common Brick Manufacturers who will 


meet and hold their exhibits at Washington, D. C. 


The Journal being the official publication of the 


Society prints all the news to cover its activities. 


You should not miss being represented. Send in 


your December and January copy now. 


AMERICAN CERAMIC SOCIETY 
Publicity Department 
2525 N. HIGH STREET, COLUMBUS, OHIO 
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Now a commodity that has made 
Zirconium a useful element 


PAX is the standard Opacifier in most of 

the enameling plants of America. It is 

not a substitute for any other opacifier. It is 

Zirconium Oxide, an elemental compound 

with every physical and chemical characteris- 

tic that men who know enamels now demand 

in an opacifier. 
FINAL 

Experiments with every known chemical element 

have contributed to the enameling industry no opaci- 
fier that gives the benefits obtainable from Cpax. 

Chemically, it is inert, non-reducible and non-poisonous. 

Physically it makes whiter, tougher, better enamel. Com- 

mercially, it costs less on any basis of comparison, and by 


saving redips, reducing seconds and lowering operating ex- 
penses, it increases plant profits. 


The Titanium Alloy Manufacturing Company 


WORKS AT NIAGARA FALLS, N. Y. 
Ceramic Materials Dept.: R. D. Landrum, General Manager 
6007 Euclid Avenue, Cleveland, Ohio 
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EDITORIAL 
ENGLISH HOSTS TO AMERICAN CERAMISTS 


Enthusiasm on the part of our American representatives now in 
Europe, cordiality and generosity on the part of their European hosts, 


sound the keynote of the letters coming in from Ross C. Purdy and 


Fic. 1.—J. W. Mellor, Frank J. West, and Ross C. Purdy making plans for the Ceramists 
Tour Abroad. 
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P. G. B. Morriss. And all of this is preliminary to the hospitality which 
will be extended to the members of the Ceramists’ Tour Abroad 
next May. 

Frank West, Chairman and Managing Director of the Derbyshire 
Silica Firebrick Company, Limited, and President of The Ceramic 
Society of England writes on October 6: 


With reference to the proposed visit of your Society to this country next year, 
I shall be very pleased to extend to you, on behalf of our Directors, a cordial invitation 
to visit our works. 

During my visit to your country last year I had the pleasure of visiting a number 
of your works and received many kindnesses from your people and should be very 
pleased to have the opportunity of reciprocating. 


Messrs. Johnston, Vevers, Holland, Butterworth, Montgomery, Rees, 
and Turner have all written invitations showing the eagerness with 
which the English societies are looking forward to playing hosts to our 
tour members. The accompanying photographs will enable the 

American ceramists to be- 
come acquainted with 
these men, whose friendly 
spirit of greeting is urging 
our attendance on thistrip. 
Ross C. Purdy writes 
from England that the 
manufacturers, the ceramic 
press, and the schools are 
united in their desire to 
give American ceramists 
as instructive entertain- 

ment as possible. 

He says that to potters 
and art glass folks the 
British museum is an in- 
exhaustible treasure store. 
There is enamel ware on 
all sorts of metals from 
many centuries past, all 
‘gorgeously decorated. 
Mosaic tile, glazed and 
porcelain from the 16th 
Century, and pottery of 
all ages since many centuries B.c. show craftsmanship, artistic skill, 
and a knowledge of materials that stand well with the present day 
productions. 


Fic. 2.—J. W. Mellor, Director, School of Science 


and Technology, Stoke-on-Trent; also Honorary 
Secretary of The Ceramic Society of England. 
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In London, terra cotta manufac- 
turers will see many buildings in 
glaze, white and polychrome. Brick 
for every use, hollow tile, terra 
cotta, potteries of all kinds, electrical 
porcelains, sanitary procelains, re- 
fractories of clay and silica, glass 
both flat and hollow, decorated and 
cut; glass enameled ware, made by 
modern process methods will all be 
on exhibit in their various factories. _F16. 3—Job Holland, President of 

The miners ftom the Cornwall dis- the Refractories Association, and Past 

President of The Ceramic Society of 
trict will display the historic china clay Restend. 
mines worked by modern methods. 

At Wedgwood and other plants the 
old and the modern processes are being 
used side by side. The same buildings 
and equipment used by Josiah Wedg- 
wood are today being used for making 
the same ware on the same formula 
used by Josiah Wedgwood, himself. 
And in adjoining buildings are the 
most modern methods, even including 
an electric tunnel kiln. 

The new Doulton factory in London 
is said to have reached the apex in 
modern equipment and layout. 

Modern, 
with latest 
labor-sav- 
ing devices 
are the brick yards, refractory plants, and 
terra cotta shops. The glass and glass enamel 
plants have allowed no system or device for 
cost economy to go unused. 

The English ceramic manufacturers have 
learned the economic importance of re- 
search and technical control. The plants 
use men trained in the technical schools. 
Stoke-on-Trent and Sheffield are equipped 
to train men and to carry on research 
problems; there is an intensive coéperation Fic. 5.—W. E. S. Turner, 


Secretary, Society of Glass 
between these schools and the works mana- *¢retary, Society of Glas 

Technology, Sheffield Uni- 
gers. 


versity. 


Fic. 4.—W. J. Rees, Secretary of 
the Refractories Association, Shef- 
field University. 


EDITORIAL 


The accompanying itinerary has been for- 
warded as a preliminary draft of the ten- 
| day stay in England, just before sailing 
‘for the United States. 


Thursday, June 21 


Arrive London, A.M. 


London: luncheon or dinner by 
June 21, 22, and 23 clay organizations; visits to Glass 
Works, Doulton’s Works, London Brick Company’s 
Works at Pillinge, Stock Brick Works at Sitting- 
bourne; on Saturday, June 23, an excursion to Hampton 
Court and Windsor. 


Sunday, June 24 
Those desiring to visit 
Cornish china clay 
Fic. 6.—E. Gwynne Vev- mines leave London 
ers, President of the Institute 9:50 P.M., arrive St. 
of Clayworkers. Austell, 6 A.M., Mon- 
day; leave St. Austell, 
2:30 p.M., Monday, arrive Birmingham, 10:55 P.M.; 
others take an excursion en route to Birmingham; 
arrive Monday evening. 


Visits from Birmingham to Glass 
Works at Stourbridge, etc., fire-° 
brick works at Stourbridge, and porcelain works at 


Tuesday, June 26 


Worcester. 
Wednesday and Thursday Fic. 7.—H. Greville Mont- 
June 27 and 28 pottery ’ TY, gomery, Secretary of the In- 


tile, and electrical por-  gtitute of Clayworkers and 
celain works; luncheon or dinner by The Ceramic editor of the British Clay- 


Society of England; after lunch leave by motor cars worker and The Brick Builder. 

via beauty spots of Derbyshire for Sheffield. 

Visit Department of Glass Technology, Sheffield; Fuel Research De- 

partment, Leeds; Glass Works, Silica Works, Leeds Fireclay Com- 

pany’s Works (fireclay refractories, terra cotta, glazed brick, sewer pipe, sanitary 
ware, etc.), and a modern common brick plant; entertained by Society of Glass Tech 
nology. 


Friday, June 29 


fiiel 
Saturday, June 30 rent Sheffield for Liverpool, to sail for the United States of 
bus merica. 
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PAPERS AND DISCUSSIONS 


SOLUBLE SALTS AND THEIR APPLICATION TO 
TERRA COTTA! 


By A. H. Horrincer 


It is not necessary to go into detail as to the composition or blending 
of soluble salt colors, but rather to bring out the use and application of 
such colors on various mottled or pulsichrome textures, which seem to 
be very popular at this time in the terra cotta industry. 

Just as it is true in the production of colored glazes and enamels, 
that a given coloring oxide will produce various shades and colors, 
depending on the composition of the glaze or enamel in which it is 
used, so is it true that soluble salts will produce a great variety of 
shades and colors, depending on the composition of the mottled finish 
over which they are applied. Likewise a soluble salt applied over a 
mottled color gives a final mottled color due to the variation in compo- 
sition of the two or more component parts of the bulk color. This gives 
a much more pleasing effect than that obtained by the use of a flat 
colored enamel. One of the objections to the use of plain enamels for 
terra cotta polychrome work has been that they are too flat and 
uninteresting. Shading with plain enamels is very difficult and is never 
very satisfactory. Shading with soluble salts is comparatively easily 
and successfully done. 

These mottled finishes constitute a large percentage of the finished 
product and in many cases where polychrome is called for, we use 
soluble salt colors for the following reasons: (1) the simplicity of 
application, due to the fact that they can be applied directly over these 
finishes without brushing off or masking the part where color is to be 
applied; (2) the harmonious results in the finished product, because 
the colored area has the same texture as the balance of the material, 
and not the hard, cold surface of contrast that is so apparent in colored 
glazes; (3) the economy of these colorants is another item worthy of 
consideration. With soluble salts there is a reduced cost of material 
and labor; there are no fritting or grinding costs and they give greater 
covering power. 

One gallon of the average solution covers approximately 300 sq. ft., 
which is considerably more than can be covered with the same amount 
of glaze. 

A satisfactory solution to use in the application of soluble salts is 
one-third glycerine and two-thirds water. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
February, 1927. (Terra Cotta Division.) 
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While 95% of soluble salt colors as applied to terra cotta require 
brush application, it takes less time and less effort, with the assurance 
that the color will remain where it is applied, and will not blister, 
crawl or part, as is so often the case with colored glazes and enamels. 

The following table gives an idea as to the colors obtainable with 
various salts. As pointed out before, the resultant color varies accord- 
ing to the enamel slip or glaze over which the salt is applied: 


Blues Cobalt salts 

Greens Copper, cobalt and uranium, copper and uranium 
Tans and browns Chromium, iron, manganese 

Yellows and oranges Uranium salts 

Pinks Chromium, chrome-tin 

Grays Nickel 


Tue NORTHWESTERN TERRA Cotta COMPANY 
2525 CLyBouRN Ave. 
Curcaco, ILLrvots 


SYMPOSIUM ON CERAMIC EDUCATION UNDER AUSPICES 
OF EDUCATIONAL COMMITTEE! 


W. Kerra McArer, Chairman 


W. K. McAree: There has been an exchange of round robin letters 
during the past summer (1926) between: (1) the directors of the various 
collegiate ceramic schools, (2) the members of the Committee, and (3) 
the Board of Trustees of the AMERICAN CERAMIC SOCIETY. With the 
exception of those manufacturers who happened to be on the Committee 
on Education or the Board of Trustees, no manufacturers were repre- 
sented in this discussion. Several editorials were published in the 
Bulletin with the idea of promoting the discussion of this subject among 
the manufacturers.” 

At least two years ago some suggestions were made as to the method 
of presentation of ceramic subjects in college curricula. These proposals 
have been the subject of discussion in this correspondence. We feel 
that more definite results can be accomplished this year, if the discussion 
is confined to the ceramic content of the curricula which includes the 
proposals made by Mr. Purdy, and possibly touching other points 
that are necessary to bring out the discussion. The discussion should 
also be based on the point of view of a four-year course. In other words, 
we do not want to load: up our theoretical curriculum with enough 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
February, 1927. (General Session, Feb. 17.) 

2? Among the editorials those directly related to the subject under discussion are, 
‘‘Forward Steps in Ceramic Education,’’ Bull. Amer. Ceram. Soc., 5 [2], 91(1926); 
“Knowledge is a Mosaic,” ibid., 5 [3], 175(1926); ‘‘Total Earned Profits Are Not 
Realized in Present. Scheme of Ceramic Education,’ ibid., 5 [9], 353(1926); ‘“‘Too 
Many Ceramic Schools?”’ ibid., 5 [12], 441 (1926). 
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work to cover six or seven years. The practical limit for most schools, 
at the present time, is thought to be four years. Some schools, are 
exceeding this. The Leland Stanford course is six years, and there are 
alternate courses at some of the other institutions requiring more than 
four years, but it seems to be the consensus of opinion among teachers 
of technical subjects that four years is the practical limit at the present 
time. 

R: C. Purpy: These proposals are not original with me, but have 
developed through discussion. 


Proposals for Ceramic Art Education 


1. Distinct courses in ceramic art, ceramic science, and ceramic engineering. 

2. Courses in ceramic art with enough technology to give the ceramic artist knowl- 
edge of ceramic materials and processes. 

3. Courses in ceramic science with enough art to give students a conception of 
possibilities and use of ceramic materials, mixtures, and processes, and enough geology, 
mineralogy, chemistry, physics, etc., to give broad training in the fundamental sciences 
which apply. 

4. Engineering and the sciences distinctly fundamental thereto are not to be in- 
cluded in ceramic science curricula, the design being to train only investigators and 
process controllers. 

5. Courses in ceramic engineering in which the ceramic courses are distinctly engi- 
neering and with supplementary engineering studies, the design being to train plant 
operators and designers. 

6. Courses in plant management, price setting, etc., to be in both the science and 
the engineering courses; the training being limited to preparing men for service in 
laboratories and shops. 

7. All ceramic studies based on product and requirements to be met by product, so 
that pupils may the more quickly and surely adjust themselves to employers’ needs. 

8. Since stress at the present time is placed on product specifications and service 
requirements, and most of the present methods of testing product are inadequate, the 
province of the schools should be to train persons and to make investigations along these 
lines, rather than to rehearse composition limits and properties of fired mixtures without 
reference to specific products for specific purposes. 

9. With stricter product requirements follows the need for more strictly controlled 
production methods and more constancy in composition and structure. This calls for 
courses in physical and chemical means of ceramic control. 

10. For the several plant employees, university extension means should be provided 
and foremen meetings organized. 

11. Ceramic courses of high school grade supplemented by vocational training 
should be devised that graduates may profitably and readily enter into the industries 
of the universities. 

12. Post-graduate courses should be studies relating to specific product. 

13. Universities should seek organized support of all their ceramic constituents, to 
obtain adequate teaching and research facilities, fellowships, codperation of other agen- 
cies, etc. 

14. How much distinction should there be in the collegiate curricula as to product 
classification such as the seven Divisions of the AMERICAN CERAMIC Society, keeping 
in mind the limitation of a 4-year course? 
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The proposed points show what we mean by a course in ceramic art. 
(1) Distinct courses in ceramic art, ceramic science, and ceramic 
engineering. (2) Course in ceramic art with enough technology to give 
the ceramic artist a working knowledge of ceramic materials and processess, and ele- 
mentary principles of design and decoration, 


Ceramic Art 
Education 


Ceramic science has enough art to give students a conception of the 
possibilities and use of ceramic materials, mixtures, and processes, and 
enough geology, mineralogy, chemistry, and physics, etc., to give broad 
training in the applied fundamental sciences. 

It is observed that those artists who have a knowledge of ceramic 
materials and who give the most attention to the study of ceramic 
essentials make the most progess. In terra cotta, white ware, and 
wall tile that kind of man is making the most rapid strides. Some of you 
may remember John Herrold, who came to Zanesville as a cathedral 
glass artist, and in the pottery learned how to use ceramic materials. 
He typifies the combined art and technical training here discussed. 
Herrold acquired a very thorough knowledge of ceramics, which, 
coupled with his art, gave him conceptions that qualified him to build 
any pottery ware. 

Fred H. Rhead is another example of the sort of man which this 
course would like to develop. Like John Herrold, Rhead has a large 
amount of ceramic knowledge, which, plus his art training, gives him 
ability to conceive and make ceramic products. He has product con- 
ception. He can see in a formula or in a mixture a product assembled and 
beautifully decorated. Such ceramists have a quick conception between 
the finished product and the materials with which they are going to 
work. He is the kind of man we are needing today. 

Recently a manufacturer of sanitary porcelain had a peculiar require- 
ment. There was nobody at his plant who could meet his needs, 
although he had two ceramic engineers. He said that they did not seem 
to be able to harness up their knowledge of ceramics to that particular 
requirement; they could not conceive of just what was needed. They 
lack the ability to vision the form and quality required. Engineering 
and the sciences distinctly fundamental thereto, need not be included 
in ceramic science curricula, since the object of this course is to train 
investigators and process controllers. 

We are trying to distinguish between ceramic engineering and ceramic 
science, with the full knowledge that engineering is a science; that it is 
built on science and that it is science first, last, and all the time. But 
we are rather poor in words with which to state the difference in the 
meaning we are trying to convey. 

The Champion Porcelain Company employs a lot of scientists who 
are devoting their time to body composition for a very limited require- 
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ment, limited specifications. Incidentally, to get that product up to 
specification, they have to control process. These scientists are com- 
pounding the product and then controlling processes. They are not 
doing one bit of engineering. The men who operate the plant and 
devise the process of manufacture are the engineers. The Champion 
Porcelain Company employs both ceramic scientists and ceramic 
engineers. Men have gone into one or the other class of work according 
to their peculiar personal talents, but the distinction is quite evident 
(as we define it) at the Champion Porcelain Company. The same 
distinction is drawn at the Norton Company or any other place where 
there is a large organization. We need a great number of ceramic 
scientists, or ceramic technologists, and we need a great number of 
ceramic engineers. 

We cannot make a scientist and engineer out of the one man in four 
years. He has not the time; most of them do not have the talent. 
A graduate of a course in ceramic engineering should not peddle his 
wares as a ceramic scientist, unless he happens to be peculiarly talented 
that way. 

A large part of our courses in engineering are not courses in engineering 
only; there is so much on bodymaking and glass-making, and color- 
making, that they do not leave much time for engineering. 

A.S. Watts: How will you make a graduate take any particular job? 
A boy takes the job he can get when he graduates, regardless of what 
course he has had. As far as my boys are concerned, we advise them 
to the best of our ability but we cannot control their final decisions. 

R. C. Purpy: That does not excuse us for not giving a student the 
proper equipment to work with before he goes out from his school. 

PauL E. Cox: I have not really developed my course at lowa State 
College. It has grown to be an engineer’s course similar to the one pro- 
posed by Mr. Purdy. I would not have thought that our course was 
one that would coincide so closely with his ideas. 

Our engineering course is planned by people outside of our depart- 
ment, and unless a new plan has much strength and efficiency, it would 
be a difficult matter to make a change. 

L. Navras: We have not yet emphasized one important factor; 
that is the employer. We might illustrate this point by comparing the 
employment of chemists with the employment of ceramists. In looking 
up the positions available for chemists, you will usually find that the 
plant advertising for help knows just what type of man it wants. The 
advertisement specifies exactly the lines of endeavor with which the 
man ought to be familiar. The plant may want a few chemists who are 
familiar with gas analysis, or coal. In a branch or field of work, the 
distinction is made between research work, routine laboratory work, 
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factory control, or supervision. The chemists specify their requirements, 

and they pick the man whom they think is best suited for the position. 
In the ceramic applications for positions such a definiteness is usually 
lacking. As often as not, an all-round man is required, and such a 
ceramist, especially in a young man is difficult to find. 

This educational process should also include instruction of the 
employers in picking the type of ceramist they want. 

There is a ceramic plant that is run by men without technical ceramic 
training. They had been advised from time to time, that they needed 
ceramic men in their plants. They have on their staff all types of 
engineers except a man with ceramic training. What they actually 
needed is a ceramic engineer as defined by Mr. Purdy. They-are not 
interested in the fundamentals; they are interested purely in the control 
of processes under factory conditions. Unfortunately, they first chose 
a middle-aged man, who while he was an excellent technologist and 
knew his mineralogy and geology, and all about the English clays and 
the American clays, did not fit into their organization. He was released 
and another man was put into his place. Again, they picked the wrong 
man not realizing the distinction between engineer and technologist. 
That man, too, probably will be fired soon. That firm should beeducated 
to recognize that there are many types of ceramists, and to realize 
their own problems first before seeking suitable persons for the work. 

A. F. GREAVES-WALKER: For the past three or four months we have 
been attempting to find a man for a large feldspar company. For the 
present the man must be a ceramic chemist; most of his work at first 
will be control analysis. Their promise to this man is that they will 
let him work out of the laboratory into the engineering or control end 
of that plant. The man they want has to start in as chemist or technolo- 
gist, with the promise that he will be given an engineering job or a 
practical job later on. The possibility of combining these two positions 
is evident, if you make a typical engineer out of the typical technologist. 
They may have to have two men, but this is the demand from the 
industry; this is the kind of man they want. 

R. C. Purpy: Plant control is not plant operation in the least. If 
this man’s job were confined to product and control of process, or 
definition of process, to give a product of a certain sort, that would 
illustrate a technology job, not an engineering job. 

How many ceramic engineers are graduated into the factory, into 
a process superintendency? Ceramic technologists work in the shop; 
they define how long kilns are to be fired; to what degree they shall be 
fired; how the ware shall be fired; they give those definitions of pro- 
cesses, but the actual processing management is done by engineers. 
Many graduates of our ceramic schools have failed in strictly engineering 
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jobs of plant management simply because they first went to the plant 
as ceramic technologists and developed as such, and they were tech- 
nologists by training and practice. This feldspar company wants a 
man who is equipped to analyze, test, and control processes. He need 
not have one bit of responsibility for the plant operation, that is, by 
keeping machines operating and by keeping the men working. 

W. K. McAFEE: What, after all, are we trying to do in this four-year 
grind that we put the student through? It seems impossible in four 
years, to make a ceramic technologist, a ceramic engineer, or anything 
else. The best thing to do in four years, is to start the student in the 
right direction; his education is only beginning; he gets the most of 
it after he graduates. 

“Commencement” is a much better word than “‘graduate.’”’ We 
train a man in certain thought habits, and we give him certain courses 
such as calculus, as a mental training, that he never uses to any extent 
after he gets out of college. 

This progression from one job to another that Prof. Greaves-Walker 
mentioned is like some of us who have taken electrical and mechanical 
engineering, and are going over into the ceramic industry. This question 
of self-education is one of the most important thoughts to get across 
to the boy who is going through college. He is not going to be a finished 
product when he gets out. We must give him a few fundamentals so 
that he can go ahead and pick out the real stuff in connection with his 
practical experience after he gets out of school. 

A large problem that looms in the mind of every executive of an 
industrial plant when we speak about engineering graduates is the ques- 
tion of the gap between the time a boy leaves college and when he 
becomes of some use to himself and his employer. One of the major 
phases of this problem is to reduce that gap. In some other industries, 
it is recognized as fundamental, and provision is made for it. In the 
electrical industry, no boy can go out of college and work at the General 
Electric Company or the Westinghouse Electric Company without 
taking an apprenticeship of two or three years; it used to be four. He 
either has to do that or have the equivalent of it some place else. They 
will not put a man into the engineering work directly out of college 
unless he has done graduate work, has his Ph. D., or has made some 
special investigation. 

Our small plants do much the same thing. They do not have it 
organized in the same way. Possibly in our own industry we have not 
had a high enough percentage of college-trained men. So many of 
our present day executives are not college men, and do not realize 
this sort of metamorphosis that happens to a boy after he gets out 
of school, and are not sympathetic with him during that period. 
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It is easily possible, if a particular student starts in as a technologist, 
and happens to progress in engineering, for him to get the related en- 
gineering he needs as he goes along, and vice versa, provided he has the 
ability. The other point is that the employer should be particularly 
sympathetic with that boy for at least the first year after he gets out of 
school. The Educational Committee has been particularly handicapped 
in this discussion, because it has not had enough of the point of view 
of the users of the product of the ceramic schools as Dr. Navias said. 

B. M. Hoop: In the southern part of the country there was a great 
dearth of ceramic engineers. At one time, we needed two in our or- 
ganization; we had to go to New Jersey for one and for another one we 
had to go to Ohio. We have not had so much experience with ceramic 
engineers in the South, but those whom we have had experience with 
have brought us big profits. I have occasion to talk to the boys in the 
classes and try to caution them that when they come out of college 
they will not find executive positions awaiting them as heads of the 
industry until they have proved that they can make profits. 

The worth of the graduate lies chiefly in the individual character of 
each man. 

R. C. Purpy: In your opinion shall we train engineers, distinctively 
engineers; shall we give a man either a good engineering training or a 
good scientific training, and then let his individuality lead him? In 
other words, instead of giving a course that is neither engineering nor 
science, but half and half, shall we give him one or the other? 

B. M. Hoop: It would be a good plan to have a very broad base, like 
a pyramid, come up to the apex, and let that peak be the highest point 
of specialization. 

R. C. Purpy: That might be true if you were going to study law or 
medicine. In ceramics we have only four years in which to put these 
men through. We are training men either for plant operation or to 
handle products. In your judgment, we should have the two courses to 
train a man either as an engineer or as a technologist. Should a course 
in ceramic engineering be a strictly engineering course and should the 
technology course be strictly technology? 

B. M. Hoop: Your idea, then, that the engineering course ought to 
be an engineering course, and that the technology course ought to be 
a technology course is excellent. It is best to lay your foundation, 
and then to specialize; in the end it is up to the student. 

R. K. MacBerty: We seem to be speaking entirely from the point 
of view of the employer and not the employee. Our object is to put 
the man through college so that he can serve definitely in one line or 
the other. A man deserves an opportunity to look the matter over 
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after he gets through school, and if need be, to change his mind. For 
instance, | worked three years in mining, then decided that I did not 
wish to continue mining, that I had interests that should allow me to 
work to better effect elsewhere. So, due to the fact that the mining 
course is one of the courses susceptible to a change over to ceramics, 
through the field of mineralogy, I made the change. 

L. Navias: We realize that there are two types of students. One 
type is self-centered and responsible, with sufficient initiative to do 
as he sees fit, not only at school but when he leaves school. There are 
men who live so close to the subject and to the schools that they know 
the courses they want and they know the professors they want. 
They are perfectly open and free with their opinions of the courses and 
of the men who teach them. These men do not constitute our problem 
which is before us today. They are after all in the minority. The second 
type of student is exemplified by the men who do not know what they 
want to study. They form the large group which constitute the special 
problem. 

I can agree with the last speaker in his attitude toward freedom of 
change from one science to another, but I do not think that the students 
who deliberately change their field of work are to be considered in 
this discussion. We have institutions ranging from those with a great 
many teachers, who are able to cover a great many lines of endeavor, 
to the very small institutions which have’ correspondingly small 
personnel, and which can therefore cover only a small group of subjects. 
Or, if they are required to cover a large field of work, can only do so 
rather superficially. 

There is no doubt that men with initiative can use practically every 
grain of information that they can pick up. If a man has some training 
in chemistry, he will apply that chemistry at some time. He may be 
called upon to make an analysis, and he will do it himself. If he has 
engineering ability he can design a plant of some kind; he will draw up 
a plan rather than to give it to some engineer or draftsman. If he knows 
foreign languages, which are being ignored in some of our institutions, 
he has a great advantage over his fellow ceramist; in knowing, for in- 
stance, French or German or Italian, because he can go directly to the 
sources and get his information immediately and at first hand, he ought 
to realize that any and all information can be used. 

Now as for the direction or the channels into which we want to direct 
these students; I do not think it is the idea of those who are discussing 
this question, to make the educational processes so standardized that 
we shall crank out the students in a regular sausage-machine fashion. 
It seems that we ought to recognize the large difference in capabilities 
and outlook between the technologist and the engineer. We ought to 
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inform the student of the big differences there are between these two 
courses; we ought to attempt to determine the students’ abilities, and 
if possible to direct him into the course for which we think he would be 
best fitted. If he decides otherwise, either at school or after school, 
he is to be credited for that decision. 

A. F. GREAVES-WALKER: As teachers of ceramic engineering and 
ceramic technology we are all agreed that there should be a distinction 
between ceramic engineering and ceramic technology. The only ques- 
tion to be settled is whether we are now teaching engineering or tech- 
nology and if as has been charged, we are teaching neither one nor the 
other, but a combination of both, what are we to include in the en- 
gineering curriculum and what in the technology curriculum? 

C. W. PARMELEE: In this discussion of the success of the individual, 
we seem to have lost sight of the relatively small number of high school 
graduates who go to the universities. In the university they go through 
another sifting process. At the University of Illinois only one man out 
of twenty completes his engineering course. That is a heavy loss, which 
is due to a variety of reasons: financial, family, scholarship, etc. A 
representation of one of the largest institutions in this country which 
makes a practice of taking college men as apprentices, is reported to 
have stated that out of four hundred men whom they employ, they 
hope to get one or two men of outstanding merit. Even with all these 
selective processes of education and factory training, there is certain 
to be some disappointment. 

Mr. Hood is correct in emphasizing the matter of personality. It 
is a tremendous factor, and it is only the exceptional man who has 
outstanding characteristics. We are dealing with a selected group in 
the university; but we find even in these selected groups some men 
whom we feel are not going to go very far. In some departments these 
men are culled out notwithstanding the fact that they may have high 
scholarship records, yet on the basis of other qualifications, they may 
be turned aside. We must be cautious because there are often cases 
in which the man seems to be lacking in some of these desirable quali- 
ties, yet in subsequent life he has made a rather marked success. 

Mr. Hood’s reference to the outstanding success of the early graduates 
of the ceramic courses is true. But there are various factors also to be 
considered of the conditions at that time. Not only was the personnel 
of their instructors made up of outstanding men, but the fact that it 
was a pioneer course attracted a certain type of man who was willing 
to take a chance of going into an industry in which a man, with even 
the more meager preparation of that time, could make rather a brilliant 
showing. Our recent graduates are doing quite as well proportion- 
ately. 


4 


SYMPOSIUM ON CERAMIC EDUCATION 351 


The formal arrangement of the course is not as important as the 
personality of the instructor and the nature of the material which he 
gives. There are numerous instances in which it seems to be perfectly 
clear that a young student with a good mind, initiative, and the right 
sort of fundamentals will use effectively all the things he gets. After 
all we are merely selecting, in our course, those things which seem to 
be most serviceable, but who among us can tell what things are going 
to be most serviceable to the individuals? We do not know what the 
individual is going to do or what situations he will have to meet in 
after life. 

A leader in one of our largest industries said recently that one of 
the greatest difficulties he experienced with young men was their 
inability to adjust themselves to new conditions. That comes back to 
personality, to individuality. Ultimate success is the result of previous 
training to a large extent, but personality is also a big factor. 

Iam definitely committed to the division of ceramics into engineering 
and the science or technology courses. 

I also favor the addition of a year or two to the course. It is very 
difficult to convince young men that it is better to decline the temporary 
advantage of a position with rather an attractive salary in favor of an 
additional year or two of school work; a man who has had four years 
of intensive training gets pretty stale. He does not like to look forward 
to a year or two more of work. In a great many cases young men 
come to school only by making heavy financial sacrifices. In most cases 
the individual is in debt. Such men have a sense of honor that they 
must remove that burden of debt as soon as possible. 

When a young man gets out into industry he usually establishes 
himself so securely and the prospects are so alluring that it is very 
difficult to get him back. We are dealing with a number of very difficult 
factors, and we need constructive suggestions which will help us in 
this problem of education. It is one in which not only ceramists are 
concerned. Others have for years been working on the problem. We 
are restricted to the narrow limit of four years, and also the limitations 
of the individual, as far as capacity for work is concerned. 

I am not in accord with Mr. Purdy’s statement as to the value of 
physical chemistry to engineers. Physical chemistry is one of the funda- 
mental subjects and it would be much better if the student had it 
much earlier and a lot more of it. One of our mistakes is that we stress 
some of the details in chemistry which are not important and neglect 
the fundamental principles and laws with which physical chemistry 
is chiefly concerned. 

A. SILVERMAN: I should like to express a personal opinion rather 
than that of the committee from the Glass Division. This committee 
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has already outlined plans for training men for the glass industry, which 
were submitted in writing. In my own case the training of the student 
has been confined to graduate students. The graduate student has an 
advantage in that he knows to a greater degree what he wants. In- 
stead of parceling out problems for such a student, it is my policy to 
let him select them for himself. A Chinese student interested in the 
large Chinese deposits of beryl has selected as his subject the study 
of berillium glasses, a problem which is entirely novel and has some 
promise as a result of investigations that are under way. Another 
student is working on the influence of iron and carbon monoxide on 
the life of refractories. 

As far as undergraduate instruction is concerned, it is to be hoped 
that the day will come when we can care for it also. We shall then 
want to make that instruction selective; we shall want to let the 
student do that which he enjoys doing. In our machine-made education 
today where we have thousands of students, we are going to find sooner 
or later that the mill is not properly adjusted to the entire group. 
The average student may pass through, the mediocre student may fail, 
and the strong student may be disgusted and drop out. We should get 
back the old idea of small groups, where the personality factor of both 
student and:-instructor bears an important part. Professor Parmelee 
has already spoken of that. But the administrative officers of institu- 
tions are powerless until funds are available for a greater number of 
of mature and capable instructors. We cannot put a thousand students 
through the same mill, and expect uniformly satisfactory results any 
more than we can start a thousand automobiles in New York and 
expect them all to land in San Francisco at the same time. If mechanical 
devices, which are much more uniform than human beings, cannot be 
expected to accomplish that sort of feat, how can we expect it of our 
students? 

Much has been said of the curriculum, but the method of instruction 
wants consideration. The encouragement of the backward student, 
who sometimes develops slowly in the beginning but on an ascending 
curve in time, is just as important as the superior student who ought to 
be allowed to go ahead as fast as he desires and to conduct some 
investigations if he wishes. The distribution of courses between pure 
science and applied science is one that does not worry me at all. If 
we can give the student fundamentals and let him learn to find his own 
way, I am confident that he will go out into the world and succeed. 

M. W. Brarr: This Society seems to be a fair illustration of the value 
of a small group and individual training, and of a broad engineering 
education without specialization. Out of a school with an average 
enrollment of two hundred students and an average graduating class 
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of twenty to thirty there are now six graduates of that institution in 
the AMERICAN CERAMIC Society, three of whom have served as chair- 
men of their respective Divisions, and one of whom has served as Presi- 
dent of this Society. Not one of these men had any special ceramic 
training, but they had a broad education. 

The man who is broadly trained can more readily adapt himself to 
changing conditions in his own employment than the man who is a 
strict specialist, and it would seem that the courses should be made 
as broad as possible, at least for two years, and then if it is felt proper 
to specialize in the latter two years, it is all right. That gives a mana 
chance to determine on what special lines he wants to concentrate. 

R. J. MontGomery: I do not want to see the general technology 
course, such as has been given at Ohio State University, scrapped. That 
course has turned out a large number of good men and it has not out- 
grown its usefulness. We do need both ceramic engineers and ceramic 
scientists. The ceramic engineer might well be a mechanical engineer 
with enough ceramic technology to provide him with a working knowl- 
edge of ceramic materials and processes. The physical chemist should 
also be given. an opportunity to obtain enough ceramic technology to 
give him a working knowledge of ceramic materials and processes. 
In other words, a proper coéperation in the Engineering Colleges 
could allow options in the Ceramic Department so that we could have 
physical chemists, mechanical engineers, and artists with a knowledge of 
ceramic materials, as well as the general technologist. Some such plan 
is now being worked out at Ohio State University for ceramic art. 

The other needs are parallel. Four separate courses could be planned 
without expanding the present department or adding new subjects. 
Coéperation with other departments in planning options fs all that is 
necessary and we could have mechanical engineers, physical chemists, 
and artists with a ceramic option as well as the general course in tech- 
nology. The difficulty of doing this in four years is recognized, but if the 
work given would be confined largely to fundamentals, fairly satis- 
factory results could be obtained. 

R. C. Purpy: That is the ideal. I wish the ceramic schools had the 
courage to do it. 

W. K. McAFEE: The curricula for the two courses can probably be 
done best by statistical methods, by sending questionnaires to different 
people, analyzing the results, and presenting them at the Atlantic City 
Meeting. 

There should be some discussion to crystallize what is meant by this 
proposal of emphasizing product in the teaching of fundamentals. 
This proposal does not necessarily mean revamping the present curricu- 
lum, but it is rather a method of presentation of the present subjects. 
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In other words, Mr. Purdy’s idea is to develop certain grooves in the 
minds of the students so that when they look at a piece of terra cotta, 
for instance, they do not just see a block of clay but they see something 
that has to be straight on the edges to fit in the building and with other 
characteristics with reference to its use. 

The conception is to train pupils to think in terms of product speci- 
fications, and to employ their science and engineering knowledge to 
that end rather than to devote all their lectures and laboratory time 
in school to very general ceramic information without specific product 
reference. 

R. C. Purpy: It is just as easy to have the men in the lectures and 
in the laboratories devoting their attention to definite products as it 
is to be working more indefinitely. Just to make glazes and spread them 
onto a little tile gives one no conception of the possible use of that 
glaze. It is true that students in a four-year course cannot make 
all products, and there is no need of that. But they can get the thought 
habit by taking up certain definite products. If Prof. Watts was going 
to teach this course, he would emphasize porcelain, perhaps. The sub- 
ject makes no difference. If a man has a thorough training in studying 
porcelain products, he will be capable of studying electric conduits or 
other ceramic ware. He will have gotten the thought habit and meth- 
ods of procedure. If Prof. Wilson was his teacher, he would emphasize 
terra cotta instead of porcelain, but he would still be giving his men the 
same training as Prof. Watts. Instead of going through the same em- 
pirical study on bodies and glazes that we worked out thirty-five years 
ago let us, if we are going to make bodies, make them for a definite 
product. This applies of course to work in ceramic technology and art. 

G. A. Bote: We should define our terms. A definite conception of 
the ceramic engineer has not yet been defined, nor my conception of 
the ceramic technologist. We do not want to impose definitions on 
one another unless it is done with the aid of a committee chosen es- 
pecially for that purpose. This committee should tell-us definitely the 
difference between a ceramic technologist and a ceramic engineer. 

W. K. McAFEE: This has been one of the present Committee’s 
recommendations to the next Committee. 

G. A. Boe: It is a coincidence that just twenty years ago this 
spring, as a student, I sat in on a conference somewhat similar to this. 
The question under discussion was, “What is a chemical engineer?”’ 
Columbia had, a few years before, graduated its first class in chemical 
engineering. When these men went out into the industry, they were 
asked, ‘‘Are you a chemist?” ‘No, I am a chemical engineer.”’? “What 
is a chemical engineer?”’ That thing went on for a number of years. 
Now every manufacturer has a very clear conception of the difference 
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between a chemical engineer and a chemist. The distinction between a 
ceramist and a ceramic engineer is not so clear in the field of ceramics. 
Professor Greaves-Walker emphasized an important point when he 
stated that we should have a number of courses in our ceramic school. 
But where and how are they going to be given? One school is now 
emphasizing technology; another engineering, and another art. This 
is a healthy situation. There is the question, however, as to whether 
each school by itself, with its small physical equipment and small 
personnel, should endeavor to give all three courses, or whether the 
different courses be emphasized at different schools. It is one of the 
practical problems we shall run up against. If I wished to become a 
doctor, and I wanted to specialize in surgery, I would go to Johns 
Hopkins. If I wanted to become a pathologist, I would go to Harvard. 
Ceramic education will attain better results if the smaller schools adhere 
to a good general course and if each of the larger schools specialize in 
some particular branch of science and technology of ceramics. 

H. F. StaLEyY: The whole emphasis of this discussion seems to have 
been how to make a man a good man for the first few years he is out of 
college, how to get him a job, or how valuable he will become the first 
five years he is out of college. What is more important is the question 
of where that man will be when he has been out of college fifteen or 
twenty years. Our chief interest should not lie in making ceramic 
technologists or ceramic engineers, but in making leaders in the ceramic 
industry. This is not in criticism of any ceramic school or course of 
instruction, because for eight years I had a part in ceramic education 
as a teacher. If it has been a failure or has not been efficient, I am in 
part to blame. 

The reason we know that ceramic education is not what it should 
be is because in the entire ceramic industry the men who have been 
out of class fifteen or twenty years are not as a rule holding the big 
positions in industry; they do not class up with men in chemical en- 
gineering or mechanical engineering, or any other branch of engineer- 
ing of the same standing. 

The story in our school up to the present time is that they have been 
“get-rich-quick” schools. A man can go through ceramics and make 
more money the first five years than in any other class of engineering. 
After that he stops because at the end of five years he is still strictly a 
ceramic technologist or a ceramic engineer. His education and training 
has not been broad enough. He lacks in culture, in ideas, in ambition. 
Culture is valuable because it gives ideas, and a man who has culture 
has ideas, has ambition. If a man is going to be a leader, he must have 
a driving ambition. But if the student is trained with the idea that it 
will be a fine thing if he goes out and becomes a plant control man or a 
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ceramic engineer, which is a comparatively small job in industry, and 
he aims for that, that is the best he will ever get. 

It is not so much a matter of what a man learns, the information he 
gathers while he is in college, that counts in his future life, as it is the 
ideals and ambitions he gets. If he is going to be a big man, a leader 
in ceramics, he will have to get out of the class of men trained strictly 
in technology or engineering. 

We can hire a good ceramic technologist with ten years’ or fifteen 
years’ experience and we can hire a good ceramic engineer for $5000 a 
year any time we want him. 

It sounds mercenary to put the whole question in terms of money, 
but possibly outside of the profession of teaching, a man’s value to the 
industry is determined by his salary; if he is getting only $5,000 a 
year at the present rate of money value he is not a very big man in his 
profession. A man who is getting $10,000, according to industrial 
valuation, is fairly successful. But the graduates of the ceramic 
schools who are drawing $10,000 a year at the present time are rare 
as you know. 

To be more than mediocre in ceramics a man has to be more than a 
technologist or an engineer. He has to have the ability to handle men 
in large groups, that is, have executive ability or fine business ability. 

I do not believe that it is possible to teach a man business manage- 
ment in college, or to give him a training course which will make him a 
good executive. They teach the mechanism of business, but they do 
not teach the spirit of business success. On the other hand, you can 
inspire in a boy the desire to be a big executive or a successful business 
man. By proper training he can have a more versatile mind. Cecil 
Rhodes had the right idea when, in talking to the first group of Rhodes 
scholars, he said, ““Be broad men, wide in your sympathies; that is 
what makes big men.” 

There is demand for big men in the ceramic industries. A former 
teacher said recently that there are very few big jobs for ceramic men. 
The fact of the matter is that there are more big jobs than there are 
big men.. Within the last year I know of one job that would have paid a 
minimum salary of $10,000 a year, with a possibility of reaching 
$25,000 if the man made good; and there is not a man available for 
the position. 

In one organization an employee was getting an annual salary of 
about $10,000. He was slated to be made general manager of the plant, 
where he would have had an income of $25,000; the directors of that 
company decided not to give him the job. The only conception he had 
of ceramics and the ceramic industry was that of a technologist, and 
he could not get the broader viewpoint necessary. 
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My idea is that we should teach less ceramics in our ceramic course. 
There is no such thing as a general course in ceramics. If a mechanical 
engineer is needed to run a plant it is better to have a man who takes a 
straight mechanical engineering course, a short course in ceramic 
lectures, and a full year course in ceramic laboratories. That will 
give him a broad viewpoint. 

Ceramics, after all, is different from mechanical engineering because 
it is an art; there are certain ways in which glass and ceramic materials 
differ from other mechanical materials, and a man has to realize that 
difference. The course as outlined in ceramic science seemed to be one 
in which a man could make the most money and be the biggest success. 
He can always hire a ceramic engineer, a man to do the routine work; 
but the man who has had a broad cultural training, a man of ideas, 
of fundamental training in essentials which can be developed in this 
four-year course of ceramic science has the biggest chance of being a 
success ten, fifteen, or twenty years out of college. 

J. B. Shaw: We established a new department of ceramics recently 
in Pennsylvania State College, and in laying out the curriculum we 
endeavored to use the facilities we had available. I have been teaching 
for some time and I have followed the success of some of my ceramic 
students who have been graduated. As far as money is concerned, the 
proportion of ceramic graduates who are receiving $10,000 a year, is 
larger than the proportion of electrical engineers or mechanical 
engineers or civil engineers or any other branch of engineering that 
is taught in our school. 

If an engineer is needed to operate a plant, the electrical or the 
mechanical engineering graduate, who happens to be available and 
has ceramic experience, can probably do that better than most of the 
graduates of our ceramic schools. For that reason we urge our en- 
gineering departments to send their engineering students to the de- 
partment of ceramics for certain courses which are given for their 
specific benefit. There are courses in the curriculum at Penn State 
which are given for the benefit of engineers who are not taking the full 
ceramic course, designed with the thought in mind that these fellows 
would be likely to go into ceramic plants and need such a training. 

Mr. Purdy stated some months ago that the manufacturers of 
ceramics were demanding ceramic engineers differing from what we 
know as ceramic engineers now. If that is a fact we are perfectly willing 
to subdivide our curriculum into engineering and technology courses for 
the purpose of giving such training. We have not had sufficient infor- 
mation to warrant such change, but if there is such a requirement, 
we shall be most willing to adjust the course of ceramics at Penn State 
to meet the requirements of the industry. 
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A. S. Watts: Among the suggested courses the topics include 
ceramic art with enough technology and ceramic science with enough 
art, etc. Why do we not put in “ceramic engineering’? with enough 
“‘science”’ and ‘‘ceramic science’’ with enough “engineering?” 

There is a mistaken idea in the minds of a great many people that 
the ceramic course was built by some narrow-minded person who 
thought that he had a true conception of the whole thing. That is not 
true. It was built with the idea of serving the need as it has been made 
apparent. The ceramic course began as the conception of one man but 
his conception was not based entirely on his own opinions. Rather, it 
was based largely on the ideas that he obtained from conversation 
and counsel with other men whom he considered wise. 

As to the salaries of our ceramic graduates we have had this experi- 
ence. We had forty ceramic graduates at the Ohio State Alumni 
Banquet recently. Each man reported his present salary and date of 
graduation on an unsigned card. Five reported salaries above $10,000, 
five reported salaries of $7,500 to $10,000, six reported salaries of $6,000 
to $7,500, eleven reported salaries of $4,000 to $6,000, eight reported 
salaries of $3,000 to $4,000 and five reported salaries of less than 
$3,000. The average salary of men graduated more than 12 years is 
$8,100, for men graduated 7 to 12 years, the average is $4,973 and for 
men graduated less than 7 years the average is $3,667. 

Twenty-five per cent reported salaries of $7,560 or more. The average 
salary for the forty graduates was $5,691. per year. 

This does not mean that 25% of all the ceramic engineers who gradu- 
ate are getting $7,500 a year or over; but 25% of the engineers who are 
keeping abreast of the times, who are attending meetings of the 
AMERICAN CERAMIC SOCIETY, and maintaining a live interest in ceramic 
progress, are getting $7,500 or more a year. 

With Mr. Bole, I am not sure what actually constitutes ceramic 
engineering. Neither am I sure what constitutes ceramic technology. 
I do not believe that Georgia School of Technology, which is an insti- 
tution founded with the idea of majoring in technology, believes that 
it should not give any courses which have an engineering aspect. Nor 
do I believe that any engineering college would continue its existence 
if it produced engineers without some technology in their education. 
There will have to be a happy medium. 

Ceramic engineering is notable, as Mr. Purdy has brought out, for 
the fact that such a small percentage has left ceramic engineering. 
There was a false impression current a short time ago, and practically 
all the schools published statistics as to the number of men who had 
been lost to ceramic engineering after they had graduated. Ceramic 
engineering is so diversified that a man who has a leaning for one 
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field or who has an opportunity in one field, can shift from another 
field. That is probably due to the fact that our education is largely 
fundamental, even though it may apparently not be so. 

I was not able to classify the ceramic engineers by a direct statistical 
analysis, but on the basis of the subjects they chose for their theses. 
A man would probably choose a subject for his thesis which he felt 
was in the field, or related to the field in which he had his major interest. 
There were 121 men whose thesis subjects indicated clearly a preference 
for a definite field. Of that number 58 or less than 50% are now fol- 
lowing the field that they indicated as their preference, or a related 
field. More than 50% have diverted completely from the type of work 
that they had anticipated they would be interested in. This must mean 
that their progress in ceramic engineering, after they leave the univer- 
sity, depends not solely on what they wanted to do, but it depends 
very largely on what particular field of ceramics their opportunity 
occurs in. The successful man is the man who takes advantage of 
opportunity, and that is exactly what the ceramic engineer is doing. 

Mr. Staley is worrying about what type of man the ceramic engineer 
is going to be after he is out ten or fifteen years. A man who can get 
through the first five years, if he is the type of man who will grow, 
will not have to count on his college education for his future success, 
no matter what his education has been or where he has been. Engineer- 
ing student or art student or science student, you can find them all 
in ceramic industries, and you can find a lot of them making success. 
It depends entirely on the man. Therefore, my conception and the 
conception of thirty-seven out of forty-one graduates, who answered 
the questionnaire is to give the man fundamentals with just enough 
ceramics to give him a clear conception of the field; then let him use 
his fundamentals in the field of ceramics and work out his own salvation. 

W. K. McAree: The new committee should have a very good foun- 
dation on which to carry on this investigation from the facts brought 
out in this discussion. Session adjourned. 


ACTIVITIES OF THE SOCIETY 


TOURS AND MEETINGS FOR 1928 


We cannot predict yet what allurements for the Ceramists’ European Tour Mr. 
Purdy and Mr. Morriss will bring back on their return from Europe early in November. 
It is sufficient to know that those who are not signed up for the trip when the party sails 
on May 19 will be sure to feel a decided sense of chagrin and regret. The tour will be 
worth real sacrifices if such are necessary to the individual. 

The tour will cover every country in Europe in which there are outstanding ceramic 
industries, and will last from May 19 to July 5, with an extension of the final sailing date 
to those who wish to remain for a longer time. 


The Atlantic City Meeting (Ambassador Hotel, February 5—11, 1928) will be a high 
point in concluding plans for this tour. Groups of your particular friends will be en- 
thusiastically anticipating the advantages, both business and personal, that the tour will 
bring to them. 


At Atlantic City this year, for the first time in the history of the AMERICAN CERAMIC 
Society Meetings, the members of the National Brick Manufacturers Association will 
meet concurrently, alternating sessions with the Heavy Clay Products Division. 


Members of the Program Committees of the Society are reporting good progress 
in the programs on which they are working for the Meeting. Many of the papers will 
be preprinted this year for use at the Meeting if they are forwarded to the Editor 
promptly. 


Members of the Northern Ohio Section have just cause for the pride they feel in 
having raised the funds to establish an AMERICAN CERAMIC Society Scholarship of Art 
at the Cleveland School of Art. Details of the plan are given on page 361, “Local 
Section Meetings.” 


NEW MEMBERS RECEIVED FROM SEPTEMBER 1 TO OCTOBER 1 
CORPORATION 
The Ironclay Brick Co., Flashed Face Bldg. Brick, Ohio Bldg., and Loan Bldg., 
Columbus, Ohio. E. D. Otstot, Supt., New Straitsville, Ohio. 
PERSONAL 
Thomas B. Anderson, Potter, 907 Walnut St., Coschocton, Ohio. 
Leon Bartos, 24 Sylvan Ave., Metuchen, N. J., Chemist, Edgar Clay Co. 
Guy J. Dagan, Assistant in Ceramic Research and Control, Gladding, McBean Co., 
Elsinore, Calif. 
Stewart Harvey, Abrasive and Refractory Sales, Glossop and Co., 57 Rua Candelaria 
59, Caixa Postal, 265, Rio de Janeiro, Brazil, S. A. 
E. A. Hertzell, Junior Industrial Fellow, Sewer Pipe Fellowship, Mellon Institute, 
Pittsburgh, Pa. 
George G. Oberfell, Director of Research, Phillips Petroleum Co., Bartlesville, 
Okla. 
Paul R. Sutzbach, Superintendent of Masonry, American Tube and Stamping Co., 
Stratford Ave. Plant, Bridgeport, Conn. 
STUDENT 


P. Edward Trevathan, State College Station, Raleigh, N. C. 
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Membership Workers’ Record 


CORPORATION PERSONAL 
John D. Martin 1 Charles F. Geiger 1 
STUDENT Thomas C. Walker 1 
A. F. Greaves-Walker 1 Wallace M. Folger 1 
— Cullen E. Parmelee . 1 
Total 2 George Simcoe 1 
Office 2 
Total 7 
Grand total 9 


PERSONAL NOTES OF MEMBERS OF THE SOCIETY 


William K. Booth of the Booth Engineering, Inc., is located in the Arroyo Seco 
State Bank Bldg., Los Angeles, Calif. 

Laurence H. Brown has accepted a position with the Hall China Company, East 
Liverpool, Ohio. Mr. Brown formerly was in the Research Laboratory of the Buffalo 
Pottery, Buffalo, N. Y. 

H. L. Cook, associated with the Baltimore, Enamel and Novelty Co., Baltimore, Md. 
has moved to Dayton, Ohio where he is working in the Frigidaire Division of the 
Delco-Light Co., in the department of porcelain enameling. 

Paul P. Francais is employed with the Chicago Vitreous Enamel Products Co., 
Chicago, Illinois. 

Russel J. Grainer, formerly with the Malleable Iron Range Co., at Beaver Dam, 
Wis., is now at Belding Mich., where he is associated with the Grand Rapids Vitreous 
Products Company. 

Harold B. Gray has been transferred from the Cleveland office of the Vitreous 
Enameling Company to Nappanee, Indiana. 

R. M. King has recently joined the instructional staff of the Ceramic Department 
at Ohio State University. Mr. King was formerly associated with the Lukens Steel 
Company, Coatesville, Pa. 

Wm. B. Miller has removed from Palmerton, Pa., where he was investigator, research 
department, N. J. Zinc Co., to the U. S. Zinc Company, Armillo, Texas. 

W. M. Myers, for the past few years associate mineral technologist, Bureau of Mines, 
New Brunswick, N. J., is now employed with the U. S. Gypsum Company, 17 State 
Street, New York City. 

Catherine M. Neuwiesinger, assistant professor of art at Alabama College, Monte- 
vallo, Ala., has moved to Califon, N. J. 

Frank H. Riddle of Detroit, Mich., has moved to the Chatham Apartment Hotel, 
600 Pingree Ave., from 618 Blaine Ave. 

Edwin M. Rupp has transferred from New York City where he was associated 
with the Surface Combustion Company to 2375 Dorr Street, Toledo, Ohio, the Toledo 
office of that Company. 

F. L. Steinhoff, managing editor of ‘Brick and Clay Record,”’ has moved from 1122 
E. 67th St., Chicago, Illinois, to 513 Forest Ave., Apt. 10, Glen Ellyn, Illinois. 

T. W. Talwalker, who has been doing graduate research work at the University of 
Illinois has returned to his home in Poona City, India. 

Bruce F, Wagner has moved from Berwyn, Illinois, to 4150 E. 56th St., Cleveland, 
Ohio. 

John Wassman is living at 612 Fifth St., Beaver, Pa., having moved recently from 
Villa Park, Illinois. 


NOTES AND NEWS 


NEWS FROM THE LOCAL SECTIONS 
Northern Ohio Section! 


Members of the Northern Ohio Section met at the Winton Hotel, Cleveland, Ohio, on 
September 22, 1927. Twenty-one members were present. 

A nominating Committee was appointed to present names for officers for next year. 
This Committee composed of H. D. Cushman, H. D. Barger, and J. A. Turk will present 
their report at the next Meeting. 

At a previous meeting held at the Cleveland School of Art, Mrs. Martha T. Weaver 
proposed a plan for the establishment of a scholarship to further the teaching of ceramic 
art at the Cleveland School of Art. After an active discussion it was unamiously agreed 
to help in the establishment of this scholarship. Funds for the support of the plan are 
to be raised by an assessment of $2.00 on the entire membership of the section, and also 
by contributions from the various companies represented. 

Wilbur Webb, graduate of the Ceramic Course at the East Liverpool High School 
has been selected as the recipient of the AMERICAN CERAMIC Society Scholarship of 
Art presented by the Northern Ohio Section. The scholarship amounts to $250.00 
which will pay the tuition for one year at the Cleveland School of Art. 

A four-reel picture, ‘“The Age of Speed’’ was shown. The motion picture was 
furnished by Norton Company of Worcester, Mass., and Mr. Dunbar acted as the Norton 
representative. 

Baltimore-Washington Section?” 

The first meeting of the year of the Baltimore-Washington Section was held in 
Washington, D. C. at the Ebbitt Hotel, Oct. 22, 1927. The following papers were 
presented: (1) “An Informal Talk on Georgia Kaolin and Bauxite,” by R. T. Stull, 
Bureau of Standards. (2) ‘“‘Prevention and Disposal of the Soot Nuisance in Gas- 
Producer Practice,’’ by Mr. Blunt of the Buck Glass Company. (3) ‘“IV.—Progress 
Report on the Investigation of Sagger Clays, Their Elasticity and Transverse Strength 
at 1000°C,” by R. A. Heindl, Bureau of Standards. 

A. N. Finn was appointed chairman of the Program Committee and D. H. Fuller, 
chairman of the Membership Committee. H. G. Wolfram and H. G. Schurecht were 
placed on the Nominations Committee for the Society. 


NOTES AND NEWS 
CERAMIC SCHOOL NOTES 
University of Missouri School of Mines and Metallurgy 
The Department of Ceramic Engineering of the School of Mines Branch of the 
University of Missouri, at Rolla, opened for its second year on September 7, with an 
enrollment of 28, consisting of 2 seniors, 3 juniors, 10 sophomores, and 13 freshmen. 
In view of the fact that this is only the second year for this school, the enrollment is 
very encouraging. 
C. M. Dodd, a graduate of the Ohio State University, has been added to the teaching 
staff, the staff now consisting of two full-time instructors and one part-time instructor. 
Although the State Legislature appropriated only $12,000 for the department for 
the present biennium, the department’s laboratories will be completely equipped with 
the funds appropriated by the ceramic industries of the State of Missouri. That material 
is now being shipped to the school and is being rapidly installed, so that the students 
graduating this year will have complete equipment for all of the laboratory classes. 


1F.S. Markert, Secretary. 
2 R. A. Heindl, Secretary. 
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The Missouri Clay Testing and Research Laboratory also began its second year on 
September 7. The work of this laboratory has steadily increased in amount, and has now 
become a very important part of the department's activities. The work of this laboratory 
consists of making the standard ceramic engineering tests on clay and clay products, 
and of research on ceramic problems for industrial concerns. The personnel of this 
testing laboratory is as follows: 

M. E. Holmes, Director. 


M. H. Thornberry, Chemist. 
A. J. Paul, Ceramic Engineer. 
L. W. Currier, Petrographer. 


CurricuLum VIIIA, TECHNOLOGY 


The first two years of the ceramic technology curriculum is the same as that for 


ceramic engineering. 


Hours per week 


Number Name of Course ————— 
Lecture Laboratory 
THIRD YEAR 
First Semester 
41 and 42 Physical Chemistry 3 6 
450 or 460 German or French 5 0 
503 Mineralogy 0 6 
1211 Drying and Burning 3 0) 
1212 Ceramic Engineering Laboratory 0 6 
1213 Ceramic Calculations 3 0 
1215 Bodies, Glazes, and Colors 2 0 
Second Semester 
43 and 44 Physical Chemistry 2 6 
451 or 461 German or French 5 0 
507 Mineralogy 1 3 
1217 Bodies, Glazes, and Colors 2 0 
1218 Ceramic Engineering Laboratory 0 3 
1219 Refractories 4 0 
FOURTH YEAR 
First Semester 
305 Economics ) 0 
45 and 46 Physical Chemistry 3 6 
403 Engineering English 2 0 
534 Petrography 2 6 
1220 Ceramic Engineering Laboratory 0 6 
1290 Ceramic Engineering Thesis 1 3 
Second Semester 
306 Economics 3 0 
514 General Geology 3 0 
534 Petrography 2 6 
49 The Chemistry of Colloids 3 0 
1296 Ceramic Engineering Thesis () 6 
1299 Senior Trip 


* Electives 


* Subjects to be chosen by consultation with department head. Certain substitutions 


in some of the subjects, listed above as required may be made. 


Pennsylvania State College, School of Mines and Metallurgy 


The Department of Ceramics under the direction of J. B. Shaw reports a total registra- 


tion of twenty-nine students at the beginning of this academic year. The students are 
classified as follows: graduate, 1; seniors, 5; juniors, 7; sophomores, 9; and freshmen, 7. 
This represents an increase of seven over the registration of the last semester of last vear 
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George Bair, who was graduated last June at Penn State as the highest ranking 
honor student in the School of Mines and Metallurgy has been appointed instructor 
in the Department of Ceramics in the above school. Mr. Bair has had five years’ experi- 
ence at the Keystone Brick Company at Watsontown, Pa. 


CALENDAR OF CONVENTIONS 
Amer. Assn. for the Advancement of 


Science Dec. 28-31, 1927 Nashville, Tenn. 
AMERICAN CERAMIC SOCIETY 

Annual Meeting Feb. 5-11, 1928 Atlantic City, N. J. 

Ceramists’ Tour Abroad May 19—July 5, 1928 ‘ 
American Concrete Institute Feb. 28-Mar. 1, 1928 Philadelphia, Pa. 
American Engineering Council January, 1928 Washington, D. C. 3 
Amer. Foundrymen’s Assn. May 14-18, 1928 Philadelphia, Pa. : 
Amer. Institute of Architects May 9~11, 1928 St. Louis, Mo. 
Amer. Inst. Mining and Met. Engrs. February, 1928 New York City 
Amer. Mining Congress ist week Dec. 1927 Washington, D. C. ! 
Amer. Refractories Institute December, 1927 St. Louis, Mo. f 
Amer. Soc. Mechanical Engrs. Dec. 5-8, 1927 New York City Y 

(Spring Meeting) May 14-17, 1928 Pittsburgh, Pa. 4 
Amer. Zinc Institute April 16-18, 1928 St. Louis, Mo. y 
Common Brick Manufacturers Assn. Feb. 13-17, 1928 Washington, D.C. i 
Eastern Paving Brick Mfgrs. Assn. Dec. 13, 1927 Place undecided 
Hollow Building Tile Assn. February, 1928 Chicago, 
Mining and Met. Soc. of America _ Jan. 10, 1928 New York, N. Y. 
Natl. Brick Mfgr. Assn. Feb. 5-11, 1928 Atlantic City, N. J. 


(Meeting jointly with the 

AMERICAN CERAMIC SOCIETY) 
Natl. Exposition of Power and Mech. 

Engineering Dec. 5-10, 1927 New York City 
Natl. Glass Distributors’ Assn. Dec. 6-7, 1927 Pittsburgh, Pa. 
U.S. Potters’ Assn. December, 1927 Washington, D. C. 
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U. S. Rotary Enamel Smelting Furnaces Give 


SATISFACTION 


Excellent 
Results Best 
Demonstrated 
by Large 
Number of 
Repeat Orders 


Crane Enamelware Company, Chattanooga, Tennessee. 
Kohler Company, Kohler, Wisconsin. 

Porcelain Enamel & Mfg. Company, Baltimore, Md. 
Ingram-Richardson Mfg. Company, Frankfort, Ind. 
lIngram-Richardson Mfg. Company, Beaver Falls, Pa. 
Ingram-Richardson Corporation, Bayonne, N. J. 

Grand Rapids Refrigerator Co., Grand Rapids, Mich. 
Columbian Enameling & Stamping Co., Terre Haute, Ind. 
Sheet Metal Products Company, Toronto, Canada. 
Republic Metalware Company, Buffalo, N. Y. 

Pacific Sanitary Mfg. Company, Richmond, California. 
A. Weiskittel & Son Company, Baltimore, Md. 
Malleable Iron Range Company, Beaver Dam, Wis. 
Edison Electric Appliance Co., Inc., Chicago, IIl. 

Welsh Tinplate & Metal Stpg. Co., Ltd., Llanelly, England. 
Ernest Stevens, Limited, Cradley Heath, England. 
Ward Leonard Electric Company, Mount Vernon, N. Y. 
American Enameled Products Co., Chicago, III. 
Michigan Porcelain Tile Works, Ionia, Michigan. 
Stanley Insulating Company, Great Barrington, Mass. 
Roesch Enamel Range Company, Belleville, Il. 

L. D. Caulk Company, Milford, Delaware. 


SIZES AND CAPACITIES 


No. 1 No. 2 No. 3 No. 4 No, 4-B 
60 Ib. 150 Ib. 350 Ib. 750 Ib. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U. S. A. 


(When writing to advertisers, please mention the JOURNAL) 
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Conditions Beyond Your Control 


JOURNAL OF THE 


clean surface 


Are They Right? 


O matter how perfect your 
enameling practice, re- 

sults are largely determined by 
the quality of your enameling 
base. In Toncan Enameling 
Iron you have the uniform qual- 
ity resulting from extreme care 
in every step of its manufacture. 
Toncan is so carefully rolled 
that it is free from gas, blow-holes 
and laminations. 


RECO. PAT. OFF. 


Enameling Iron is softer than 
open hearth steel, and for this 
reason the rolled surface is 
more open and has less ten- 
dency to glaze under the action 
of the rolls. This slightly open 
surface allows Toncan to ac- 
tually grip the enamel. 
Be sure that your sheets are 
right and most of your enamel- 
ing difficulties will 
Soy be eliminated. Let 


Smooth, clean enam- Pq NC 
eled surfaces result. ‘ef «us send you com- 


At ordinary tem- “Enameling plete information. 
peratures, Toncan IRON Write us. 

Central Alloy Steel Corporation, Massillon, Ohio 
Cleveland Makers of Agathon Alloy Steels St. Louis 
Syracuse Detroit Chicago New York Seattle 
San Francisco Philadelphia Los Angeles Tulsa Cincinnati 


WORLD’S LARGEST AND MOST HIGHLY SPECIALIZED ALLOY STEEL PRODUCERS 


Pickling and drying Toncan 
Enameling Iron to insure a 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE 


A 


Air Reducing Valves 
Fisher Governor Co. 


Air Traps 
Fisher Governor Co. 


Alumina (Hydrate and Calcined) 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 

Roessler and Hasslacher Chemical Co 


Aluminum Oxide (fused) 
The Exolon Co. 


Aloxite (Refractory Products) 
The Carborundum Co. 


Alundum (Refractory Products) 
Norton Co. 


Antimony Oxide 
Jungmann & Co. 3 
Roessler & Hasslacher Chemical Co. 


Ammonium Bi-fluoride 
Ammonium Carbonate 
Jungmann & Co., Inc. 


Auger Machines 
Chambers Brothers Co. 


Automatic Cutters 
Chambers Brothers Co 


Automatic Stove Rooms 
Philadelphia Drying Machinery Co. 


Automatic Control Valves 
Maxon Premix Burner Co 


Automatic Temperature Control 
Leeds & Northrup Co. 


Back Pressure Valves 
Fisher Governor Co. 


(When writing to advertisers, 


B 


Ball Mills (Laboratory T 
Fisher Scientific bo. yee) 


Ball Mills 
McDaniel Refrac. Porcelain Co. 
Mueller Machine Co., Inc. 


Barium Carbonate 
Roessler & Hasslacher Chemical Ce 


Barium Hydrate 
Jungmann & Co., ix: 


Barytes 
Seaboard Feldspar Co. 


Batts 
The Carborundum Co. (“Carbofrax 
Aloxite”’ 
Norton Co. (“Alundum-Crystolon’’) 


Bitstone 
Eureka Flint and Spar Co. 
Potters Supply Co. 


Blocks (Refractory) 
The Carborundum Co. 
Norton Co. 


Blowers 
Jeffrey Mfg. Co. 


Blowers (centrifugal—high pressure) 
Maxon Premix Burner Co. (Premix) 


Boats, Combustion 
Fisher Scientific Co 
Norton Co. 


Boiler Feeders 
Fisher Governor Co. 


Borax 
American Potash & Chemical Co 
Drakenfeld & Co., B. F 
Tnnis Speiden & Co. 
Pacific Coast Borax Co. 
Roessler & Hasslacher Chemical Co 


Boric Acid (Anhydrous) 
Pacific Coast Borax Co. 


please mention the JOURNAI 


| 
| 
; 


JOURNAL OF THE 


Accuracy 


Accuracy in the controlling. of 
pressures Is of more importance 
than ever. Strict economy is 
absolutely necessary in every 
plant which is expected to 
show a profit. Accuracy implies 
economy — Fisher Equipment 


implies Precision Equipment, 


Some of the FisHEer LINE 
Air Reducing Valves 
Back Pressure Valves 
Air Traps Steam Traps 
Strainers 
\s 


Write for bulletins and consult us freely 


TRADE MARK 
REGISTERED: 


THE FISHER GOVERNOR CO., INC. 
100 Fisher Bldg. Marshalltown, Iowa 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Boric Acid (Crystal, Granular or Powder) 


American Potash & Chemical Co. 
Drakenfeld & Co., 

Innis Speiden & Co. 

Pacific Coast .Borax Co. 


Borax Glass 
Pacific Coast Borax Co. 


Brick Making Machinery 
Chambers Brothers Co. 


Bricks (Refractory) 
The Carborundum Co. (“Carbofrax 
Aloxite’’) 
Harbison Walker Refractories Co. 
Norton Co. 


Bucket Elevators 
Jeffrey Mfg. Co. 


Burners (Gas—Oil) 
Maxon Premix Burner Co. 


Burners (Combination Oil and Gas) 
Maxon Premix Burner Co. 


Cc 


Carbofrax (Refractory Products) 
The Carborundum Co. 


Carbolon (Refractory Products) 
The Exclon Co. 


Carbonates (Barium-Lead) 
Innis, Speiden & Co 
Roessler & Hasslacher Chemical Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co 


Cements 
The Carborundum Co 
Harbison Walker Refractories Co. 
Massillon Stone & Fire Brick Co. 
Norton Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller & ee Co. 
Jungmann & Co., 
Metal & Thermit nll 
Paper Makers Importing Co. (Inc.) 
Roessler and Hasslacher Chemical Co 
Titanium Alloy Mfg. Co. 
Vitra Mfg Coa 
Harbisen Walker Refractories Co. 


Ceramic Plant Equipment 
Chambers Brothers Co. 
Harrop Ceramic Service Co. 
Jeffrey Mfg. Co. 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc. 


Chains 
Jeffrey Mfg. Co. 


Chemicals (Analytical) 
Fisher Scientific Co. 


Chromium Oxide 
Jungmann & Co., Inc. 
Roessler & Hasslacher Chemical Co. 


Clay (Ball) 
Harshaw, Fuller & Goodwin Co. 
Mandle-Porter Clay Co. 
Paper Makers Importing Co. 
Potters Supply Co. 
Roessler & 77 Chemical Co. 
Spinks Clay Co., H 
United ow Mines Corp. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
English China Clay Sales Corp. 
Harshaw, Fuller & Goodwin Co. 
Paper Makers Importing Co. (Inc.) 
Roessler and Hasslacher Chemical Co 
United Clay Mines Corp. 


Clay (Electrical—Porcelain) 
Edgar Brothers Co. 
English China Clay Sales Corp. 
Harshaw. Fuller & Goodwin Co 
Mandle-Porter Clay Co. 
Paper Makers Importing Co. <Inc.) 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 


Clay (Enamel) 
Edgar Brothers Co. 
Mandle-Porter Clay Co. 
Metal & Thermit Corp. 
Paner Makere Tmporting Co (Tnc.) 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 
Vitro Mfg. Co. 


Clay (Fire) 
Fdear Brothers Co 
Harbison Walker Refractories Co. 
Mandle-Porter Clay Co. 
Massillon Stone & Fire Brick Co. 
Paper Makers Importing Co. (Inc.) 
Potters Supply Co. 
United Clay Mines Corp. 


Clay (Potters) 
English China Clay Sales Corp. 
Paner Makere Tmportine Co ¢fne.) 
Roessler & Hasslacher Chemical Co. 
Spinks Clay Co., H 
United Clay Mines Corp. 


Clay (Sagger) 
Edgar Brothers Co. 
English China Clav Sales Corp. 
Harbison Walker Refractories Co 
Mandle-Porter Clay Co. 
Paper Makers Importing Co. (Inc.) 
Potters Supply Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 


(When writing to advertisers, please mention the JOURNAL) 
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99.97% Pure Silica 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


140 Silk Lawn Test 


SERVICE TO POTTERS 


We Manufacture— 
PINS 
STILTS 
THIMBLES 
SPURS 
SAGGERS 
CRUCIBLES 
TILE for Decorating kilns 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 


We Sell— 


BALL CLAY 

SAGGER CLAY 

WAD CLAY 
GROUND FIRE CLAY 
BITSTONE 

FIRE BRICK 


IMPORTED PARIS 
WHITE 


DOMESTIC WHITING 


advertiser 


‘s, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Clay (Stoneware) Innis, Speiden & Co. 
United Clay Mines Corp. Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 
Clay Tests 
Harrop Ceramic Service Co. 
effrey M 


‘isher Scientific Co. 
Clay (Terra Cotta) 
United Clay Mines Corp. 
Conditioning Machinery 
z Philadelphia Drying Machinery Co. 
Clay Handling Machinery Proctor & Schwartz, Inc. 
effrey fg. Co. 
ueller Mechine Co. (Inc.) 


Cones (Filter) 
Clay Mi — Scientific Co. 
y Miners t 
Edgar Brothers Co. orton Co. 
English China Clay Sales Corp. 


United Clay Mines Corp. 


Crucibles 
Norton Co. 
Clay Washing Machinery 
Mueller {Machine Co., Inc. Potters Supply Co. 


Mandle-Porter Clay Co. Conveyors (Belt Cable) 
Paper Makers ie Co. (Inc.) Jeffrey Mfg. Co. 
ines orp. Conveyors (Clay, Sand, Brick, etc.) 
Jeffrey Mig. Co. 
Clay Storage Systems Mueller Machine Co., Inc. 
Jeffrey Mfg. Co. Philadelphia Drying Machinery Co. 
Clay (German Vallendar) (Rortabie) 
{ungmens & Co., Inc. Jeffrey 
oessler & Hasslacher Chemical Co. 
as. Engelhard, Inc. 
Clay (Wad) Leed h ‘ 
4 Mandle-Porter Clay Co. ads & Co 
| Paper Makers Importing Co. (Inc,) 
Potters Supply Co. Cores (Alundum Furnace) 
Spinks Clay Co., H. C. Norton Co. 
f United Clay Mines Corp. 
3 Cornwall Stone 
Clay (Wall Tile) ny China Clay Sales Corp. 
English China Clay Sales Corp. Eureka Flint and Spar Co. 
Mandle-Porter Clay Co. Harshaw, Fuller & Goodwin Co. 
Paper Makers lnpéeting Co. (Inc.) Pennsylvania Pulverizing Co. 
fq Spinks Clay Co., H. C. Roessler and Hasslacher Chemical Co. 


Crushers 


Clay Working Machinery Chambers Brothers Co. 


Mueller Machine Co., Inc. Co 


Cloth (Wire) Cryolite 
Newark Wire Cloth Co. Jungmann & Co., Inc 
Roessler & Hasslacher Chemical Co. 
Coal & Ash Handling Mchy. Cyanite 
Jeffrey Mfg. Co. McLanahan Watkins Co. 
Cobalt Oxide D 
Drakenfeld and Co., B. F. 
Jungmann & Co., Inc. Decorating Supplies 
Roessler & Hasslacher Chemical Co. Drakenfeld and Co., 
1 Roessler and ALR Chemical Co. 
Vitro Mfg. Co. 
Colors 
Drakenfeld and Co., Discs (Alundum-Porous-Filter) 
Harshaw, Fuller & Geodwin Co. Norton Co. 


(When writing to advertisers, please mention the JOURNAL) 
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"F @ F” 
OPTICAL PYROMETER 


“another FISHER product” 


——. the use of this accurate pyrometer the actual 
temperature of different parts of the kiln may be deter- 
mined. Furthermore, the reading is not based on the average 
kiln temperature but it actually indicates the heat of the body 
at the point observed. In the plant, the apparatus will prevent 
loss of time and money by preventing overburning and under- 
burning. In the laboratory the softening points of the various 
clays and refractories may be determined accurately. 


This “F & F” Pyrometer is DIRECT READING, portable, 
substantial, accurate, and entirely dependable. Very sensitive— 
yet rugged and withstands the ordinary usage in the plant. 
Range: 1600 to 4000 degrees F. 


Write for descriptive booklet. 
It gives the details. 


Don’t guess! Know your temperature! 


FISH E SCIENTIFIC 
COMPANY 


Laboratory Apparatus and Reagents for Chemistry, Metallurgy, Biology 


PITTSBURGH, PA. 


IN CANADA, FISHER SCIENTIFIC CO. LTD., 472 MCGILL ST., MONTREAL 


(When writing to advertisers, please mention the JOURNAL) 
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Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Driers 
Harrop Ceramic Service Co. 


Dryers (China Ware—Porcelain) 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Drying Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


E 


Electrical Instruments 
Leeds & Northrup Co. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Elevators (Bucket, tray, arm) 
Jeffrey Mfg. Co. 


Enamels 
Roessler & Hasslacher Chemical Co. 


Enameling Equipment, Complete 


hicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 


Enameling Furnaces 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 

The Carborundum Co. (Carboradiant) 
Massillon Stone & Fire Brick Co. 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 

Vitro Mfg. Co. 


Enameling Muffies 
The Carborundum Co. (Carbofrax) 


Enameling, Practical Service 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co 


Enamels, Porcelain 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Engineering Service 
Chambers Brothers Co. 
Harrop Ceramic Service Co. 


Equipment (Porcelain Enameling) 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply 
The Porcelain Enamel & Mfg. Co. 


Exhaust Relief Valves 
Fisher Governor Co. 


Exolon (Refractory Products) 
The Exolon Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


F 
Fans 


Jeffrey Mfg. Co. 


Feldspar 
Eureka Flint and Spar Co. 
arshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Isco) 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 
Seaboard Feldspar Co. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
The Carborundum Co. 
Harbison Walker Refractories Co. 
Massillon Stone & Fire Brick Co. 


Flint 
Eureka Flint and Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Flint Pebbles 
Eureka Flint and Spar Co 
Roessler & Hasslacher Chemical Co. 


(When writing to advertisers, please mention the JOURNAL) 
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ENGLISH AND DOMESTIC 


QUALITY 


POTTING 
CLAYS 


Paper Makers Importing Co., Inc. 
EASTON, PENNA. 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Frit 
Porcelain Enamel and Supply Co. 
Vitro Mfg. Co. 


Furnace Conveyors 
Jeffrey Mfg. Co. 


Furnaces 

Chicago Vitreous Enamel Product Co. 

Ferro Enamel Supply Co. 

fw Carborundum Co. (Carboradiant) 
ene Ceramic Service Co. 

Massillon Stone & Fire Brick Co. 

The Porcelain Enamel & Mfg. Co. 

U. S. Smelting Furnace Co 


Furnaces (Crucible—Lead—Pot) 
Maxon Premix Burner Co. 


Furnaces (Electrical, Laboratory Type) 
Chas. Engelhard, : 
Fisher Scientific Co. 


Furnaces (Melting) 
Maxon Premix Burner Co. 


Furnace Slabs 
Massillon Stone & Fire Brick Co. 


Gates (Blast) 


Maxon Premix Burner Co. 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Glaze Spar 
Eureka Flint and Spar Co. 
Roessler & Hasslacher Chemical Co. 


Gold 
Drakenfeld & Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


Hearths 
The Carborundum Co. 
(Carbofrax heat treating) 


Hearths (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon 
Carbide) 

The Carborundum Co. 


(When writing to advertisers, 


Heaters (Air-Oil) 
axon Premix Burner Co. 


Hydrogen Ion Equipment 
La Motte Chem. Products Co. 


I 


Indicators & Recorders (Steam, Air, Gas) 
Chas. Engelhard, Inc. 


Indicators, Chemical 
La Motte Chem. Products Co. 


[nfusorial Earth 
Innis, Speiden & Co. 
Harrop Ceramic Service Co. 


Iron (Enameling) 
American Rolling Mill Co. 
Central Alloy Steel Corp. 


Jigg gers 


Mueller Machine Co., Inc. 


K 
Kaolin 


Edgar Plastic Kaolin Co. 

English China Clay Sales Corp. 
Harshaw, Fuller & Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
United Clay Mines Corp. 


Kilns 
Harrop Ceramic Service Co. 


Kilns (China, Decorating) 
Drakenfeld & Co., B. F. 


Kilns (China, Decorating) 
Drakenfeld & Co., B. F 


Kryolith 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
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Founded 1869 


B. F. DRAKENFELD & CO., Inc. 


45 Park Place New York 


Manufacturers 


OXIDE OF CHROME 
GREEN 


Special for Glassmakers and Potters 
Guaranteed over 99% Pure 


Contains no Free Sulphur nor Sulphides 


Write for sample of Light and Dark Shades 
and Copies of Analyses 


(When writing to advertisers, please mention the JOURNAL) 
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Laborat Supplies 
Fisher Scientific Co. 


Lehrs (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon 
Carbide) 

The Carborundum Co. 
Jeffrey Mfg. Co. 


Linings (Furnace-Refractory, Block Refractory 


Plate, Brick and Tile) 
Harbison Walker Refractories Co. 
Massillon Stone & Fire Brick Co. 
Norton Co. 

The Carborundum Co. 


Liquid Level Indicator and Recorder 
Fisher Governor Co. 


Loaders (portable) 
Jeffrey Mfg. Co. 


M 


Magnesia (sintered) (calcined) 
e Exolon Co. 
Harbison W Co. 
Co., I 
oessler & Chemical Co. 


Magnesite 
Drakenfeld & Co., B. F. 
Harbison Walker Refractories Co. 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler & Hasslacher Chemical Co. 


Mangan 
rakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Roessler and Hasslacher Chemical Co. 


Metals (Porcelain Enamelin ) 
American Rolling Mill 
Central Alloy Steel fom 


Meters (All Kinds) 
Chas. Engelhard, Inc. 


(When writing to advertisers, 


Minerals 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 


Roessler and Hasslacher Chemical Co. 


Vitro Mfg. Co 


Mixing Machines 
Chambers Brothers Co. 


Motors 
Harrop Ceramic Service Co. 


Muffies (Furnace) 
Massillon Stone & Fire Brick Co. 
Norton Co. 
The Carborundum Co. (Carbefrax) 


Multistage Compressors 
Maxon Premix Burner Co. 


(artificial) 
The Exolon Co. 


Mullite 
McLanahan Watkins Co. 


Muriatic Acid 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 


Roessler and Hasslacher Chemical Co. 


N 


Nitrates (Cobalt, Sodium) 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler & Hasslacher Chemical Co. 


O 


Oil Burning Systems 
Maxon Premix Burner Co. 


Opacifiers 
Harshaw, Fuller & Goodwin Co. 
Titanium Alloy Mfg. Co. 


Oxides 
Drakenfeld & Co., F. 
Harshaw, Fuller & Co. 
Innis, Speiden & Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co. 
Pennsylvania Salt Mfg. Co. 


Roessler and Hasslacher Chemical Co. 


Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 
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Alundum Crucibles 
for Filtering and Ignition 


Improve Laboratory Technique 


Three Standard Porosities 


for filtering different types of solids. 


II. Large Filtering Area— 
the whole crucible is porous allowing 


rapid passage of filtrate and eliminating 
the preparation filter papers or mats. 


III. Rapid Manipulation— 


precipitates can be filtered, washed, 
ignited and weighed without trans- 
fer f-om one dish to another. 


IV. Long Life— 


the crucibles can be used over 
and over. Clean by 

and ignition. 
stant weight. 


washing 
Ignite to con- 


NORTON COMPANY 


Worcester, Mass. 


Crucibles are but one of the Norton Labo- 


ratory Ware products. 


Let us send you a 


catalog describing them all. 


NORTON 
REFRACTORIES 
wy 
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BUYERS’ GUIDE (continued) 


P 


Pans (Wet and Dry) 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Mueller Machine Co., Inc. 


Pins 
Potters Supply Co. 


Placing Sand 
Eureka Flint and Spar Co. 
National Silica Co. 
Pennsylvania Pulverizing Co 
Roessler & Hasslacher Chemical Co. 
United Clay Mires Corp. 


Plant Design 
Harrop Ceramic Service Co. 


Plate Feeders 
Chambers Brothers Co. 
Jeffrey Mfg. Co. 


Plate (Filter) 
Norton. Co. 


Porcelain Enameling Service, Practical 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 
hicago Vitreous Enamel Product Co 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co 
Roessler & Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Potash (Carbonate) 
Roessler & Hasslacher Chemical Co. 


Potassium Bi-fiuoride 
Innis, Speiden & Co 
Tungmann & Co., Inc. 
Roessler & Hasslacher Chemical Co. 


Pottery Machinery 
Mueller Machine Co., Inc. 


Pug Mills 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
Mfg. Co. 
ueller Machine Co., Inc. 


Pulverizing Mills 
effrey Mfg. Co. 
ueller Machine Co., Inc. 
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Pumps 
Mueller Machine Co., Inc. 


Governors 
fisher Governor Co. 


Pumps (Oil) 


Maxon Premix Burner Co. 


Pyrometers (Indicating) 
Chas. Engelhard, Inc. 
Fisher Scientific Co. 
Leeds & Northrup Co. 


Pyrometers (Optical) 
Fisher Scientific Co. 


Pyrometers (Recording) 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 


Pyrometer (Switches) 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer Thermocouples 
Chas. Engelhard, Inc. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 

Chas. Engelhard, Inc. 
Fisher Scientific Co. 
Leeds & Northrup Co. 
McDaniel Refractory Porcelain Co, 
Massillon Stone & Fire Brick Co. 
Montgomery Porcelain Products Co. 


Pyrometer Tubes (Silica) 
Fisher Scientific Co. 


R 


Recorders (CO, CO., SO, and Draft) 
Chas. Engelhard, Inc. 


Instruments 
Chas., Inc. 
er Scientific Co. 


ae & Northrup Co 


Reducing Valves 
Fisher Governor Co. 


Refractories 
The Carborundum Co. 
The Exolon Co. 
Harbison Walker Refractories Co. 
Massillon Stone & Fire Brick Co. 
Norton Co. 
United Clay Mines Corp. 


Refractory Materials 
The Exolon Co. 
Harbison Walker Refractories Co 
McLanahan Watkins Co. 
United Clay Mines Corp. 


Regulators (Automatic Temperature) 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 
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Miners, IMporTERS AND PULVERIZERS 


Pure English Cornwall Stone 


Imported French Flint Eureka #1 Feldspar 
French Placing Flint Connecticut Feldspar 
American Rock Flint New Hampshire Feldspar 
American Sand Flint New York Feldspar 


Eureka Specially Selected Glaze Spar has been famous 
for Twenty Years for its Brilliant Lustre 


EUREKA FLINT & SPAR CO. 


Trenton-—-New Jersey 


ynthetic Cryolite 


“Rutgers Brand” 
Always Uniform 


98/99% pure—actual Sodium Aluminum Fluoride 
not more than 1% silica 

practically free from iron 

snow white color 

impalpable, voluminous powder 

easily and completely soluble 

readily fusible 


Do not buy any more Cryolite until you have investigated 


“RUTGERS BRAND” 


Sample, quotation and further information are at your disposal, 
without any obligation to you. Write to the 


SOLE U. S. AGENTS 


JUNGMANN & CO.., Incorporated 
5 Desbrosses Street New York, N. Y. 


(When writing to advertisers, please mention the JOURNAL) 
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Saggers 
The Carborundum Co. 
Norton Co. 
Potters Supply Co. 


Sagger Conveyors 
Jeffrey fg. Co. 


Sagger Materials 
McLanahan Watkins Co. 


Sagger Presses 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


Screens 
Mfg. Co. 
ewark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Vitro Mfg. Co. 


Selenium 
Drakenfeld & Co., B. F 
Roessler & Hasslacher Chemical Co. 


Shovels (power) 
Jeffrey Mfg. Co. 


Silica (fused) 
The Exolon Co. 


Silicon Carbide 
he Exolon Co. 


Silicon Carbide Firesand 
The Exolon Co. 


Sillimanite (Synthetic) 
The Exolon Co. 
Norton Co. 


Slabs (Furnace) 
The Carborundum Co. 
Norton Co. 


Smelters 
Chicago Vitreous Enamel Product Co 
U. S. Smelting Furnace Co. 


Soda Ash 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co 


Roessler and Hasslacher Chemical Co. 


Sodium Antimonate 
Harshaw, Fuller & Goodwin Co. 
Metal & Thermit Corp. 
Vitro Mfg. Co. 


Roessler and Hasslacher Chemical Co. 


(When writing to advertisers, 


Sodium Bi-fluoride 
Jungmann & Co., Inc. 


Sodium Fluoride 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Spar 
Eureka Flint and Spar Co. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Sprockets 
Jeffrey Mfg. Co. 


Spurs 
Potters Supply Co. 


Steam Traps 
Fisher Governor Co. 


Stilts 
Potters Supply Co. 


Strainers (Oil—Water) 
Fisher Governor Co. 
Maxon Premix Burner Co. 


Sulphuric Acid 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


T 
Talc 


Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Temperature Controls 
Chas. Engelhard, Inc. 


Temperature Instruments (Measuring) 
Engelhard, Chas., Inc. 
Fisher Scientific Co. 

Leeds & Northrup Co. 


Thermocouples 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 


Thermometers (Electric Resistance) 
(Indicating, etc.) 
Chas. Engelhard, Inc. 
Leeds & Northrup Co 
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BUYERS’ GUIDE (continued) 


Thermometers (Mercurial) U 
Fisher Scientific Co. 
Unloaders, Car ® 
Jeffrey Mfg. Co. 
Thimbles (Filtering Extraction) 
Norton Co. V 
Tile (Ref Vacuum Pumps 2 
ile ( ractory) + Fisher Scientific Co. 
The Carborundum Co. (Carbofrax) tus 


Harbison Walker Refractories Co. 


Valves (Automatic Control) 
Tile Machinery (Floor and Wall) Chas. Engelhard, Inc. 
Mueller Machine Co., Inc. 


Valves (Reducing, Pressure, Exhaust) 


Tin Oxide Fisher Governor Co. 
Drakenfeld & Co. 
Harshaw, Fuller & Gondwin Co. Ww 
Metal & Thermit Corp. 
Roessler and Hasslacher Chemical Co. Wet Enamel 


Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. 
Titanium Vitro Mfg. Co. 
Titanium Alloy Mfg. Co. 


Whiting 
Drakenfeld & Co., B. F. 
Transmission Machinery Harshaw, Fuller & Goodwin Co. 
Jeffrey Mfg. Co. Innis, Speiden & Co. 


Roessler and Hasslacher Chemical Co. 


Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Witherite 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Tubes (Pyrometer) / Z 
Chas. Engelhard, Inc. 
Fisher Scientific Co. Zirconia 
Leeds & Northrup Co. Roessler and Hasslacher Chemical Co. 
McDanel Refractory Porcelain Co. Titanium Alloy Mfg. Co. 
Montgomery Porcelain Products Co. Vitro Mfg. Co. 
veaoe 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY 


JERNIGAN BALL CLAY 


WILL SPEED UP PRODUCTION 
HAS WONDERFUL DRYING PROPERTIES . 


H. C. SPINKS CLAY CO. 


PURYEAR, TENN. 
Mines— PARIS, TENN. Office—NEWPORT, KY. 
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ALPHABETICAL LIST OF ADVERTISERS 
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Harbison-Walker Refractories 29 
Journal of the Socsety of Glass Technology. 26 
Metal & Thermit Corp........... Outside Back Cover 
Montgomery Porcelain Products 36 
Paper Makers Co., Inc... 16 


Porcelain Enamel & Mfg. Co...............++++.++++++++++.Inside Back Cover 


Roessler and Hasslacher Chemical Co............-++2-++++: Inside Front Cover 
United Clay Mines Corp.............cesccccccccccetevcccvcccesccsssccees 29 
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CLASSIFIED ADVERTISING 
2 
NOW is the time to start locating the new 
position you want. Use Journal classified 
ads for best results. Employer and em- 
ployee find it convenient. 
WANTED: Tyler RoTap 
screen unit complete. Ad- 
dress Chicago Crucible Co., 
2525 Clybourn Ave., Chica- 
go, Iil. 
The Journal of the Society of Glass Technology 
A quarterly Journal containing original — and abstracts 
of papers covering the whole field of Glass Technology. 
ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) ° < 
Price per Volume (unbound) to non-Members...............ccccceccccsccccecees 9.00 
Forms of application for a a may be obtained from the American pacouuvee of the 4 ’ 
ociety, Mr. Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohi 
Address orders and inquiries to: The Secretary, Society of Glass needled The Uni- 
versity, Sheffield, England. 
(When writing to advertisers, please mention the JOURNAL) 
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It lasted 
twice as long— 
after 
CORUNDITE 
was put 
to work 


EXCEPTIONAL ‘structural strain, high heat, 
severe spalling conditions are the forces continual- 
ly struggling to destroy the dome-like covers for 
the Acid Steel Melting Furnaces of the Atlantic 
Foundry Company. The battle seemed a losing 
one for the furnace covers until CORUNDITE was 
tried. 


CORUNDITE Engineers studied the problem, 
then worked out a special blend of CORUNDITE 
for the big 6-foot, 10-inch lid . . . . and now the 
story is told in these few words: 


“The CORUNDITE lined covers are lasting twice 


as long as previous ones.” 


Here may be the solution for the difficulties of other 
users of fire brick and refractories. CORUNDITE 
experts will gladly show you how without obliga- 
tion. 


MASSILLON STONE & FIRE BRICK COMPANY 


MASSILLON, OHIO 


(When writing to advertisers, please mention the JOURNAL) 
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JOURNAL OF 


THE 


PROFESSIONAL 
DIRECTORY 


THE SHARP-SCHURTZ CO. 
Chemists for the Ceramic Industry 
We have fully equipped laboratories at 
Lancaster, Ohio, U. S. A. 


T. W. GARVE 
Engineering 
510 Schultz Bldg., Columbus, Ohio 


Remodeling and Design of Plants 
Design of Buildings, Machinery, 
Dryers, and Kilns 
Preliminary Investigations 


NORMAN B. DAVIS, 
M.A., B.Sc. 


Mining Engineer & Geologist 
Examination—Operation 
Non-Metallic Mineral 
Properties 


410 Blackburn Bldg., Ottawa, Canada 


can use this 


space to advantage 


for $30 per year. 


CERAMIC 
BREVITIES 


The beginning of construction 
work on the new $250,000.00 sewer 
pipe plant of the Pine Hall Brick 
and Pipe Company at Pine Hall, 

C., marks one of the biggest 
developments in the ceramic industry 
of the state in recent years. The 
plant, which will be equipped with 
every modern device known to this 
branch of industry, including a 
Stevenson press and Clearfield dry 
and wet pans, will manufacture vitri- 
fied salt glazed sewer pipe, drain 
tile, silo tile and other vitrified clay 
products. The drier building will 
contain 75,000 feet of floor space. 

The compary, which now operates 
the largest shale face brick plant in 
North Carolina at Pine Hall, has 
acquired 550 acres of land in the 
Dan River valley on the Norfolk and 
Western Railroad, underlaid with 
both yellow and red Triassic shales, 
which tests show will produce sewer 
pipe of a quality equal to any made 
in the country. 

The officers of the company are 
men who have for years been among 
the most prominent in the South in 
ceramic lines. They are: 

F. F. Steele, Winston-Salem, presi- 
dent. 
C. L. -Lester, Pine Hall, vice-presi- 


ent. 
E. R. Rankin, Statesville, secretary- 
treasurer. 

Among those on the board of 
directors are C. M. Steele, H. O. 
Steele and A. P. Steele of States- 
ville, all members of the firm of 
J. C. Steele & Company, well known 
clay machinery manufacturers. 

The authorized capital of the com- 
pany is $500,000.00. .The plant is to 
be ready for operation April 1, 1928. 


Mr. Henry DeGallaix for- 
merly ceramic engineer for 
Chas. Engelhard, Inc., has 
been advanced to the position 
of general sales manager. 


Follow the announcements 
in the Journal for information 
regarding the combined ex- 
hibits of the Society and the 
National Brick Manufacturers 
Association to be held during 
the annual meetings at Atlan- 
tic City, February 5-11, incl. 


(When writing to advertisers, please mention the JOURNAL) 
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H. W. R. SAGGER CLAY 


and 


Hh. W. R. 


HARBISO Your Complete Sagger Batch 
Offices 


Complete eo SISON Largest Producers of Refractories @ Principal 


Pittsburgh, Pa.U.S.A 


BALL—SAGGER— WAD— ENAMEL 
CLAYS of the 
HIGHEST GRADE 


THE MANDLE-PORTER CLAY CO., PARIS, TENN. 


HIGH GRADE 


CLAYS 


OF EVERY KIND-FOR EVERY PURPOSE 
UNITED CLAY MINES 


CORPORATION 
GENERAL CFFICES TRENTON, N.J 


Virginian High Potash Spar is the only 
North American Feldspar 
used in the manufacture of French Porcelain 


It is also used by many of the most discriminating American manufacturers. 


THE SEABOARD FELDSPAR COMPANY 


430 Hearst Tower Bld., Baltimore, Md. 


(When writing to advertisers, please mention the JOURNAL) 
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Luca Della Robbia 
(1400-1482) the 
famous Florentine, 
perfected the intri- 
cate technique of 
enameling clay. 


[Borrowing fire from 


Del 


Masrers of Art they were. Masters of enameling 
on clay or metal. Yet enamel, first an ornament, has be- 
come actually useful. Its application has become a 
science. Better metal, better glazes, better methods. 


And now better heat—electric heat, perfectly uni- 
form and smoke-free. 


Such. stories are legion. With electric heat as an 
ally, manufacturers offer us today hundreds of well 
finished products. Even an army ‘of men using Della 
Robbia’s methods could not do this work at any cost. 


General Electric engineers have developed electric 
heating processes for the manufacture of bathtubs 
and jewelry, for cast iron and bread, for tool steel 
and glue pots. In our booklet ‘‘Electric Heat in 
Industry” you will get some idea of the possible 
value of electric heat to any manufacturing 
business. 


GENERAL ELECTRIC | 


570-22D 


1% 
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Write for Information Concerning 
Application of 


MAXON PREMIX 
BURNER EQUIPMENT 


—Frit Melting 

—Vitreous Enameling 

—Continuous Tunnel 
Kilns 

—Rotary Dryers 

—High Temperature 
Test Furnaces 


Increase Production 
Lower Operating Costs 
MAXON PREMIX BURNER CO. 
2500 So. Mulberry St. 


Muncie, Indiana 


1816 1927 


“Over a Century of Service and 
Progress” 


South Dakota 
FELDSPAR 


An extremely high-grade 
Potash Spar ground in 
our own mills under 
constant and thorough 
chemical control. 


Capacity up to 300 Tons Daily 
We solicit your inquiries 


INNIS, SPEIDEN & CO., Inc. 


Importers, Manufacturers, Exporters 
46 CLIFF STREET NEW YORK 


Branches: 


BOSTON PHILADELPHIA 
CHICAGO CLEVELAND 
GLOVERSVILLE 


= 


once 
for 
your 


1928 


space 
for 
your 
Journal 
advertising 
campaign. 


AMERICAN CERAMIC 
SOCIETY 


Free 
on Request \ 


Your Copy Awaits You! 


A clear and comprehensive ex- 
planation of Hydrogen Ion Con- 
trol with a special section on 
its practical application in all 
branches of the ceramic industry. 
Write for your complimentary 
copy today. 


LaMotte Chemical Products Co. 
414 Light St., Baltimore, Md. 


(When writing to advertisers, please mention the JOURNAL) 
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—and even in far-away Australia... 
signal arms vitreous enameled 


One of the signal-arms installations of the Victorian Railways, at Melbourne, Australia. 


on ARMCO Ingot Iron 


Vitreous 


enameled ARMCO Ingot Iron arms replaced the wooden arms formerly in use. 


ingot tror 


This trade mark is 
assurance that 
products bearing it 
are made with the 
skill, intelligence, 
and fidelity long 
associated with the 
name “ARMCO,” 
and hence can be 
depended upon to 
possess in the high- 
est degree the 
merits claimed for 
them. 


ARM 


(When writing to advertisers, please mention the JOURNAL) 


E NAMELERS the world over use pure iron—ARMCO Ingot 
Iron—the ideal metal for exacting vitreous enameling. 
It’s the universal choice. 


Witness these signal arms, or semaphores, in far-away 
Australia. Their owners, the Victorian Railways, find them 
flawless, durable, and easy to keep clean and bright. Up- 
keep costs will be negligible for many years to come. 


Skillful enameling on high quality iron made this possible. 
ARMCO Ingot Iron’s purity, uniformity, freedom from 


occluded gases, and enamel-gripping texture, does contribute 
to fine vitreous enameling. 


THE AMERICAN ROLLING MILL COMPANY 
Executive Offices, Middletown, Ohio 


Export: The ARMCO International Corp. 
Cable Address: ARMCO, Middletown 


INGOT IRON 


The Purest lron Made 
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a 
Job too grea 


Sor Gas ! 


WENTY tons of white hot steel are being rolled out of 
this huge GAS FURNACE on a steel flat car, which 
forms the hearth. 


‘The large pieces of steel on the car are locomotive axles which 
have been through an annealing process in this gas-fired furnace, 
an operation that precludes all likelihood oY eaiee breaking. 


Industrial gas maintains in this furnace a temperature of 1600 
degrees Fahrenheit. 


Gas is the most “Flexible” of all fuels. It can be used in a 
jeweler’s tiny torch, or for huge operations, such as pictured 
above. It is also “Flexible” in the sense that its volume and 
intensity can be raised or lowered, instantly, at the turn of a 
valve. It gives a concentrated heat wherever needed without 
involving bulk, waste energy or waste material. 


Gas is obviously the Industrial Fuel of the day. Write to 
your gas company for facts concerning the use of gas in YOUR 
industry, or to 


American Gas Association 
420 Lexington Avenue, New York City 


YOU CAN DO iT BETTER WITH GAS 


33 
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PENNSYLVANIA PULVERIZING CO | 
LEWISTOWN, PA. 
Pure Canadian Potash Feldspar 
Potters Flint Placing Sand 
SALES OFFICE 
323 Fourth Avenue 
Pittsburgh, Pa. 
Products of 
e e itr. a e olors 
Every step in the manufacture of on Carbonate 
Vitro Products is under direct and §odium Dranate 
constant laboratory control. This Copper Oxide 
gives you products of absolute uni- aoa 
formity and complete freedom from — 
undesirable impurities. Vitro Products - 
give Specified Results. Enamels for Sheet Steel 
Write for prices and full information. 
THE VITRO MANUFACTURING CO. 
Fulton Bldg., PITTSBURGH, PA. 
( When writing to eaaiisien please mention the JOURNAL) 
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LAKE COUNTY 
FLORIDA CLAY 


It will give you a better job 


Testing samples gladly 
sent upon request 


Lake County Clay Co. 


Edgar Brothers Co. Edgar Plastic Kaolin Co. 
METUCHEN, N. J. 


(When writing to advertisers, please mention the JOURNAL) 
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If you want pyrometer protection tube satisfaction 
USE 


Montgomery Hard Porcelain Pyrometer Tubes 
All Sizes and Lengths for either Platinum or Base Metal Couples 


The Best Liked and Most Largely Used 
Protection Tubes on the Market today 


If the manufacturer of your pyrometer equipment cannot supply 
you, write us direct. TRADE MARK 


MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 


Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pennsylvania 


at 


LOWER COST 


These Machines press 
saggers from _ solid 
wads of clay. Our 
sagger dies have no 
joints to work loose 
or open under pres- 
sure; this insures a 
homogeneous product 
and reduces to a mini- 
- mum the losses in fir- 
ing. 
Write for Bulletins 
and full information 


- THE WATSON-STILLMAN CO. 
Showing a 50 Ton Sagger Press 108 Washington Street, NEW YORK 
Outfit Completely equipped with Chicago, 549 Washington Blvd. 


“ . Philadelphia, Widener Bldg. 
dies for making Elliptical Saggers: Cleveland, Auditorium Garage Bldg. 


Detroit, 7752 DuBoise St. 


(When writing to advertisers, please mention the JOURNAL) 
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Meas uring Wire Diameler 


wtthout a micrometer 


divideinto one. Thus, 
if there are 50 turns 
per inch the diam- 
eter is (1+50) .02”. 
But when applied 
to the finer NEW- 
ARK wires _ this 
method would not 
be so practical. 
Take, for example, 
the wire .0014” in 
diameter used in our 
Testing Sieve No. 
325. You would 
have to count 714 
turns per inch! A 
micrometer would 
be much quicker. 


To be absolutely 


2 3 


certain that our 
wire diameters are 
correct we do all 


wire drawing our- 
selves, in our large 


This sketch shows how it can be done with 


an ordinary rule. 


Count the number of turns per inch and 


Newark plant. e 
have always exer- 


cised care in every operation so that we can 


POSITIVELY GUARANTEE every square 


inch of wire cloth that leaves our plant. 


NEWARK WIRE CLOTH COMPANY 
355-369 Verona Ave., Newark, N. J. 
Branch Office: 66 Hamilton St., Cambridge, Mass. 


CLAY MACHINERY! 


SAGGER ROOM 


Grog Pans 
Pug Mills 
Sagger Presses 
Wad Mills 
Grog Screens 


PRESS ROOM 


Tile Presses 
Faience Presses 
Porcelain Presses 
Dies & Equipment 


SLIP HOUSE 


Blungers 
Agitators 
Lawns 
Pumps 

Filter Presses 


GREEN ROOM 
Jiggers 

Pull Downs 
Cleaning Wheels 
Batting Machines 


GRINDING ROOM 


Clay Crackers 
Pulverizers 
Cage Grinders 
Dust Screens 
Pebble Mills 


GLAZE ROOM 
Glaze Mills 
Agitators 
Lawns 

Pumps 


THE MUELLER MACHINE CO. 


TRENTON, N. J. 


(When writing to advertisers, please mention the JOURNAL) 
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DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Molds 
Dipped General Ware 
Clay Rolls : Spark Plugs 
Saggers : Tile 
Refractories : Brick 
Chemical Stoneware 


PROCTOR & SCHWARTZ, 1c. 


PHILADELPHIA, PA. 


(When writing to advertisers, please mention the JOURNAL) 
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BORAX BORIC ACID 


Select the Brand which has back of it years of successful use 
by experienced Ceramists. 


Pacific Coast Borax Co., New York 


Chicago 


VIRGINIA CYANITE 
CRYSTAL CONCENTRATES 
CYANITE 10 (Coarse Crystal ) 
CYANITE 10-65 (Fine Crystal) 


For saggers, refractory shapes, supér-refractories, 


mullite bodies, etc. 


McLanahan-Watkins Company, Charlotte Court House, Va. 


Refractory Materials 


Products of the Electric Furnace 


SILICON CARBIDE 
SILICON CARBIDE FIRESAND 
FUSED SILICA 
ARTIFICIAL MULLITE 
FUSED ALUMINUM OXIDE 
SINTERED MAGNESIA 


Furnished in raw material form, ground 
to meet specifications. 


Our Research Department with fully equipped 
laboratories is always at your service. 


WRITE US ABOUT YOUR PROBLEMS 


THE EXOLON COMPANY 


Established 1914 


, THOROLD, ONTARIO 
Electric Furnace Plants } STAMFORD, ONTARIO 


Finishing Plant 


(When writing to advertisers, please mention the JOURNAL) 
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A typical Engelhard installation—permanently accurate! 


Uniform Quality! 


“The system has been of material aid to us in pro- 
ducing a better percentage of No. 1 product. 


“It has also shortened our burning time. The men 
have come to depend on it as a guide. We feel that 
the investment has been fully justified.” 


So wrote the Cleveland Brick & Clay Co., after using 
Engelhard Pyrometers and Type S Recorders for 1 year. 


Manufacturers who consult our Ceramic Engineering 
Department before installing recorders, find this free 
Engeihard Service extremely valuable. 


Charles Engelhard 


Incorporated 
90 Chestnut St., Newark, N. J. } 


See these instruments work at the Power Show, New York City, Dec. 5-10 


(When writing to advertisers, please mention the JOURNAL) 
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Don’t Forget! —_ FERRO BURNING POINTS AND 
BARS ARE BETTER 
Better Metal — Better Castings — Better Designs 
Better Service — Better Prices 


See our Standard Patterns in our Burning Bar Booklet. 
Write for it today—it’s free. 


THE FERRO ENAMEL SUPPLY CO. 


2100 B. F. Keith Building CLEVELAND, OHIO 
PENNSYLVANIA SALT 
MANUFACTURING svi Mz | 


COMPANY 
Executive Offices: Philadel- PURE 
Representatives : 


ber” ne! {AND 42 


Works: Philadelphia and 
Pittsburgh St. Loui . LADELPHIA, PA 


~ 
Natrona, Pa., Wyandotte x. 
and Menominee, Mich. =| 
aU 


THREE ELEPHANT BORAX 


99.5% Pure 


We also make Boric Acid, guaranteed 99.5% pure 
Write us for specification and price 


American Potash-Chemical Corporation 


WOOLWORTH BLDG. NEW YORK CITY 
Quality Uniformity Service 
LUSTERLITE ENAMELS 
MANUFACTURERS 
FURNACES - - SPEED FORKS - - ENAMELS 
Complete Enamel Shop Supplies and Equipment 
STOCK CARRIED 


Chicago Vitreous Enamel Product Company 
1407-47 S. 55th Court, Cicero, Ill., U. S. A. 
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Spotless W are? and Greater 
Furnace? Efficiency with 


CARBOFRAX MUFFLES 


T has been the history of all proper installations 

of Carbofrax Muffles that there has been a greater 
production of a higher quality of ware and a better- 
ing of general furnace performance. 

A Carbofrax Muffle speeds up the heat flow to the 
working chamber. It passes the heat 8 to 10 times 
faster than fire clay because of the extraordinary 
heat conductivity of Carbofrax, the Carborundum 
Refractory. 

Its resistance to high temperatures without soften- 
ing and its decided mechanical strength prevent 
warping or sagging. There is no springing of joints 
causing ware spoiling leaks. 

With a Carbofrax Muffle you can load to fullest 
capacity and be assured ofa uniform heat distribution. 

It will effect an appreciable fuel saving and you elim- 
inate costly shut downs for repairs because a Carbo- 
frax Muffle shows remarkably long life. 


Our Sales Engineering Department can help you towards 
Greater? Furnace? Efficiency 


Carborundum Refractories 


Brick and Tile for Boiler and Furnace Settings ; Muffles for Enameling Furnaces; 
Hearths for Heat-Treating Furnaces; Cements for all High Temperature Work 


THE CARBORUNDUM ‘COMPANY, PERTH AMBOY,N. J. 
Williams and Wilson, Ltd., Montreal Christy Firebrick Co., St. Louis 


Carb dum is the d Trade Name used by The Carborundum Company for Sili- 
con Carbide. This ae Mark is the exclusive property of The Carborundum Company. 
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Announcement 


, {0 FACILITATE the making up 
of the Journal, the Postal in- 
formation is put on the cover and the 


table of contents on the reverse of this 


page. 


YOU HAVE paused long enough 
to read this—why not write us for 

a price on this page to carry your 
advertisement? Others will read this 
as you are doing, but the progressive 
company who writes to us first will be 


given first consideration. 


Publicity Department 
AMERICAN CERAMIC SOCIETY 
2525 N. High Street, COLUMBUS, OHIO 
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Controlled 
Drying 
REDUCES 
LOSSES 


High Tension Insulator 


eo drying of High Tension Insulators has heretofore 
been a difficult problem, due to considerable varia- 
tions in thickness, from the heavy centre to the thin 


edges. 


If the drying is not uniform or under proper control, 
cracks will be formed, often of hair-line dimensions, which 
cannot be detected until after the insulators have been 


fired. 
“HURRICANE” Tunnel Truck Dryers for Ware of the 


larger sizes, operate on a definite drying time schedule, and 
greatly reduce the losses,—especially when equipped with Auto- 
matic Controls for Temperature and Humidity. 


For pieces of smaller size, Spark Plugs, General Ware, etc., 
Automatic Continuous Dryers, equipped with Chain Conveyors 
and Shelves for carrying the ware, accomplish ideal drying at 
the least expense for labor and power, and also produce a more 
uniform product. 


For Better and More Economical Drying, Consult 


The Philadelphia Drying Machinery Co. 


Stokely Street above Westmoreland, Philadelphia, Pa. 


New England Office: 53 State St., Boston, Mass. 
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